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c/r  CcOo^,6°<  C  o  , 

;'  V :  ■  b  SUMMARY 


•  Approximately  forty  (40)  compounds  wcr-  Rvalunf -''I  to  icjcriiify  materials 
which  will  protect  UI-  AP  from  particb  growth  during  storage  an 4  handling.  . 

Si  x  compounds  '(n-phenbthyia  zi  ridirii: ,  H  V  -  8'.M ,  Ha-T-T!,  H.r  <tn  .an  'M  0, 

Sii;»nox  1  0 1  and  Johnson's  \Vax)  wore  selected  in  sc  rcening  tests  for  a  more 
extensive-  evaluation.  It  was  demonstrated,  :-as  a  result  of  te  is  on  product 


■•sensitivil  v,  .the  rrital  stability,  handling  and  proc ;;  sing  yharaete  r i s t i c  s  and 
capa'h'ilit v  to- -Verve  multi-functional  purpose  -  fe.  u.  ,  -coatin'"  agin.  and  "rindin',: 
aid!,  that  the  a  .’iridynl  compounds  we  re  the  most  effective  and  ve  rsatile  and 
was  reccrnnYendiul  for  (and  used  ini  .subsequent  evaluations.  These 
coatings'  or  their  interaction  products  did  not  interfere  -with  the  Karl  Fischer 
water  analysis;".-  M;c-;  ,r :  -T',;-e- :  e  4\"Yr:  ""eY'f  >Y: .jfF-'Tie  -r  r  ;x:TT' 


It  was  demonstrated  that  coated  UFA;'  could  be  stored  for  several 
months  with  insi  gnificant  particle  groVelh  under  low  humidity  (less  than  '>0' 

R !  f '  conditions'  arid  at  tempo  raturtvhpi  to  i)d1>C.  Unacceptable  high  growth  Was 
'cncduntercd  with  uncoated  UFAP  aind  wh on  sariYp! cs,  either'  coatbd  or  uncoated, 
w<'.r«.‘  exposed  to  inch  humidity  -  hiuh  temp" nature  sto rage  conditions.1- 

Ha/ards  and  shipping  tests  data  showed  that  the  coated  UFAP  would  not 
^detonate  when  packaged  with  the  recomhVerideH  .{30  ’!  )  desiccant.  The  (lata  have 
■  liren  submitted  for  DOT  review  and  shipping  classification  assignment.  It  is 
anticipated  that  a  DOT  Class  B  or  Military  Class  Z  classification  will  be 
applicabl e'T '  AT  ;-i ■; T  etSMT: -ct'-s.dCT’YTFfcTY’TF  TF:  'TT-.-'i  '  '■  .  MY 

•  ;  •  A'.  :  ■  -  V  .  .  -  -  ■'  /».  ..  ; .  •••;  V.i  :  '  f  •  '■ 

Attempts  at  determining  that  physical  characteristic  or  dist.-ibu  ..  >n 
debc  ribinu  paramete  r" -of  UFAP  which  best  cor  relates  the  burn  rate  of  • 
pellants  containing  UFAP  were  not  entirely  Successful  in  that  at  hiuh  c-i.n- 
■'-••cent ration's  of  ultra-fine  particles;  the  burn Frate  correlations  failed.  r 
lack  of  success  has  been  attributed  to  !a'laok  of  dispersibility  of  the  U'  'A  1 T 
the  propellant.  -Correlative  trends  are  more  apparent  in  catalyzed  (1  i  ’  ,  ;) 
propellantE,  but  th<  indication  of  Lack  of  dispersion  is  still  apparent. 

A  dramiatic  “fleet  of  humi  lity  upon  the  ballistic  character  of  prb.“- .  tints 
containing:  UFAP  was  illustrated  by  manufacturing  identical  propellants  .  i  om 
freshly  prepa  red  UFAP,  XlFAP  stored  at  10"'..  relative  humidity  for  ore  week, 
and  UFAP  stored  at  SOT.-  relative  humidity  for  one  week.  Burn  rate  decreased 
with  increasing  storage  humidity  and  a  large  increase  in  viscosity  accompanied 
the  higher  humidity  storage. 

The  processing  characteristics  of  UFAP  prepared  by  several  techniques 
were  evaluated  through  utilization  of  viscosity  Surface  response  plots. 

Aziridine  coated  UFAP  prepared  from  the  SWECO  Vibro-cnergy  Mill  was 
shown  to  be  more  readily  processible  than  equal  concentrations  of  freeze- 
dried  or  fluid  energy  milled  UFAP.  In  several  trirr.o'dal  mixtures  containing 
HX-868  coated  UFAP,  the  regime  of  minimum  viscosity  was  shown  to  be 
formulations  containing  high  concentrations  of  the  UFAP.  Physical  techniques 
designed  for  improved  dispersion  of  UFAP  were  evaluated  with  little  success. 


INTRODUCTION 


! . 


1  i ROC. R AM  APPROACH 


OBJECTIVE  AND  BACKGROUND 


:  flic  goal  of  this  program  was  to  upgrade  the  state-of-the-art  of 
UEAP  technology  to  the  point  that  UFAP' could  be  treated ,  stored ,  shipped, 

and  ut  ili/ed  a  ccording  to  the  best  available  technique  .  , 

Although  techniques  had  been  developed  for  thb  preparation  of 
u't  ra  -  i  i’H-  a m rhonium  perchlorate  (UFAP)  and  extensive  data  accrued  on  the 
cli.i  radteristie  s  of  the  oxidize r  and  prdpelliht  containing  this  oxidizer,  a 
hi -tie  r  definition  of  the  intdr-relatiohships  which  existed  in  ce  rtain  areas  . 
v  ,1  <  needed  i  ■  '^da'jor  areas  'which  needed  technical  clarification  include :  . 

Vfhothe r  a  coating  (type,  how  best  applied  and  at  what  concentration )  is 
needed  to  achieve  UFAP  particle  size  stability  over  a  range  of  environmental 
condition s;  definition  of  storage  conditions' that  minimize  particle  growth; 
dciindidn  ot  hazards  associated  with  the  production ,  handling  and  shipping  of 
UFAP,  inr  luding  mbde  of  'shipment;  influence  of  UFAP  preparation  method 
,,,i!  particle'  size  on  propellant  processing ,  hallistic  and  physical  properties  . 

p.  PROGRAM  ORGANIZATION  ^  \ 

pf. i-'j  A  ■  ■  'C;:  A;  -  JAV  :  AA'lA'  A'  :  '■•■A-A.PiP..  -■  ife  A  A.'?  A':C'!  V;  -  7  Av:  AArARAAR  '  A 

The  program  was  implemented  in  the  following  tasks; 


->.y  ./v'h-  p  '  A  v  .•  !  *.  ;  a  1  '  -A*  ■ 

‘if  Coating  s'and  Coating  Techniques 


li,  .Particle  Size  Growth' 

.•i.}’  '  t”  '  ,-y>-  <[  '•  v  :  ~  - 

III.  Water  Analysis' 

V;-V  :  •  v.  .  •>' ,f 

IV.  Hazards 

y.-.A  'J.  ZAP;  i 

V.  Shipping 

-J:,  '  . ...  •,  p-jv  ..  ; r _ 

VI.  Ballistics  .  .  .  d 

VII.  Processing 


DISCUSSION 


TASK  I.  COATINGS  AND  COATING  TECHNIQUES 
I  nt  rocliict  ion 


Task  I,  coaturgs’and  coating  'techniqu'es,  vc  as  divided  in  six  subt 

1 0  C  y  v  .lble  to  coatings, 

ol  screening  experiments  in  which  a  large  number  of  ro; 


i  *  .  .1  •  ,'w •- .*  i i  •  .  :  . *  ■  - 

•  {Vbiuiicii  tw  c « i '  tr  i  tuC  Inn  iu*  mw.vo 

involved  a  s 


at 


materials  Aero  evaluated  in  survey  type  tests.  These  tests  were  run  o 
different  sizes  of  fine  oxidizer,  arid  the  crucial  experiments  involved  p4 
growth  assessment  in  a  h timid  atmosphere.  °  ’  V  *  ’.*•;! ‘  1 8 

■  ■■  Sublask  .2  was  designed  (o' establish  the  optimum  coating  agent  Tcjve.l 

lor  the  best  coating  materials  selected  as  a  result  of  Subtask  1.  In  Subt 
V  a  number  i.-diffc rent  methods  of  applying  coating  agents  to  fine  Oxidizer, 
particles  were 'investigated.  The  stability  of  the  coating  was  examined  5n 

Subtksk  4.  A  ...c  TA'-AU- ’A. '  A  A-  ::  v '  ji-A V;-':  Tie'"-  V 

■  ■„  -V'-.-  •••■  J*f  I*.-;:.  .A;  b-  ;  •:  -  \  .;  -...A 

\  •  •:  •  X  ‘  1  :  J*  {•*'•/,»  'V ..  ’  '  *  ,  g 

j  ..  '■  f  "  -A  A  .  A  •  _ ■'  ■_  Ar*i  cl1”  .  '■•••'  #  -  i :  v  ■  ■  *'  *  4.-l 

Since  coating  agents  can  serve  a  wide  variety  of  subsidiary  purposes 
in  addition  to  particle  growth  inhibition.  Subtask  5  was  designed  to  evaluate 
use  of  the  coating  to  adjust  propellant  physical  properties,  processing,  Isensi- 
t :  vi  t  y,c  on  i  b  u  s  t  ion  eh  a  ra  ct  eris  t  i  c  s ,  cure  rate,  high  and  low  temperature  sta. 
bility,  ignition  properties  and  moisture  resistance.  c  ■ 

Subtask  6,  the  last  subtask  in  Task  I,  was  essentially  a  data  analysis 
task,  where  the  results  of  the  preceding  subtasks  were  assembled  and 
analyzed.  ■Av.A-Af  ;:AAAA,  vA^AeAyry- :.A  >,;c  'A  ;AAy  A.  ■  a;'a  'A1;  'a  & 


r s  k  s 
Subt.  i.4k 
ing 

l threi 
rticle 


Results  uvA  g  \AA.AA;  ,AlK;Ag:  AA,vy..'iA  ■ -gr ggy  .j  g 

Subtask  1  -  Initial  Screening  i  <  ,  .  >'j 

:  ~ AA*%Ay-'  uugg ggAy' gg  .A  Agygg' :  ;  j  '  g' 

Subtask  1  involved  a  set  of  screening  experiments  in  which  approximately 
40  different  coating  materials  were  evaluated.  The  coating  materials  repre¬ 
sented  a  wide  variety  of  classes  of  compounds.  Ammonium  perchloratej 
samples  were  solution  coated  with  2%  by  weight  of  these  materials  (except  for 
Silanox  101  which  was  coated  at  0.2%). 

'  ■  ...  -  I 

The  coated  samples  were  exposed  to  45%  relative  humidity  and  the 
particle  size  measured  after  24  hours  and  after  two  weeks  of  exposure.  Th< 
results  of  these  tests  for  the  various  coatings  are  shown  in  Tables  1,  2,  and 

3-  :  ■A:;'  A  AAc. V'i  A  -L 

;  ;T  a'a *!i.v  :A  <■ ,  •:<  ••  •.  ' 

Data  analyses  consisted  of  eliminating  coating  agents  which  caused 
caking  of  the  oxidizer  or  caused  other  adverse  effects.  The  remaining  Coat¬ 
ings  were  ranked  according  to  particle  growth  at  45%  relative  humidity.  On 
the  basis  of  this  data  six  of  the  coating  materials  were  selected  for  further 
evaluation.  The  six  materials  selected  were:  Eastman  910,  HX-868,  HX-752, 
CW4-019  (an  adduct  of  equal  equivalents  of  MAPO  and  12-hydroxy  stearic  acid), 
DOW  XD  1040,  and  Silanox  101. 
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Suhtnsl-  2.  Coating  Agent  bevel 

Tin*'  coating  materials  wcrr  evaluated  at  three  different  levels  to  rl >  ter. 
mine  the  'preferred  level  and  are  presented  in  Table  2.  .The  data  is  repre¬ 
sented  graphic  ally  in  Figure  1,  The  differences  are  small  but  there  doe'1,  s;eo-; 
t.>  bo  a  trend  toward  1e  s  s  growth  with  Tea  vie  r  coatings.  It  ca..hot  he  said 
■  positively  that  this  trend  is  not  within  experimental  error. 

The  sens  itivity  data  for  AP  coated  with  the  six  materials  also  appears 
in  Table  2.  It  can  be  concluded  that  no  extreme  sensitivity  is  incurred  by  the 

./•<>ati  ni>  s :  T\  /:*; '  ?,’T •  T  yT  f:  T'v;.;';v  ■; '  yy  y:y  yi-.  'ey  y£fi  T‘ ;  :•  T  a 


.Subtasb  2,  Appli  c  at  in n  Methods 


Subtask  3  was  designed  to  investigate  methods  of  applying  coating 
agents  to  the  AP.  The  base-line  method  Was  to  suspend  the  AP  in  a  solvent 
containing  the  coating  material,  then  slowly  evaporate  the  solvent.  In  this 
sub!  ask  other  methods  were  evaluated.  /  \  \  ;  h  ,-v  f 


A  second  method  evaluated  involved  dissolving  the  coating  agent  in  an 
organic  solvent,  adding  the  oxidizer  and  stirring  or  warming  and  allow¬ 
ing  the  solution  to  stand  while  the  reactive  coating  diffuses  to  the  oxidizer 
surface  and  attaches  itself  through  chemical  reaction  with  the  oxidizer  or  . 
homopolyrrierizes  on  the  surface  of  the  oxidizer  under  catalysis  by  the  hr 't* 

ammonium  perchlorate.  Afterwards  the  oxidizer  is  filtered  off  and 
dried.  The  particle  size  data  obtained  using  this  method  appears  in  Table 
3.  It  must  be  noted  that  the  filtering  process  appears  to  allow  the  small  AP  g 
particles  to  pass  through  and  only  collect  the  larger  particles. 

TyT-gA  third  technique  investigated  was  the  vapor  deposition  of  the  coating 
material  onto  the  oxidizer  surface.  This  technique  is  limited  to  the  use  of 
coating  agents  which  have  high  enough  vapor  pressure  and  which  will  not  decom¬ 
pose  or  polymerize  under  vaporization  conditions.  The  only  coating  agent 
which  could  be  applied  by  this  technique  was  carnauba  wax,  the  major  high 
boiling  constituent  of  John  .on's  paste  wax.  The  presence  of  the  coating  on 
the  AP  was  verified  by  working  the  AP  with  an  organic  solvent  and  examina¬ 
tion  of  the  solvent  containing  the  extracted  material  by  infrared  spectrometry. 

It  can  be  seen  ‘from  Table  3  that  this  is  an  efficient  method  of  coating 
oxidizer.  The  major  advantage  with  a  techniques  of  this  type  t9  the 
ability  to  coat  AP  without  involving  a  solvent  or  lengthy  drying  period. 

A  fourth  method  of  coating  was  eliminated  because  of  experimental 
difficulties.  This  involves  spraying  an  organic  solution  of  the  coating  material 
on  the  oxidizer  which  is  stirred  or  agitated.  In  attempting  to  spray  fine  AP, 
much  of  the  oxidizer  is  blown  away.  Spraying  in  a  closed  system  results  in 
clogging  of  the  apparatus.  Because  of  these  difficulties  the  method  was 
abandoned.  '  '  %  .  ‘ 


COATED  UFAP  DATA 


Particle  Size  (micrt  ns) 
jpf  coated  ULM-68  a:  ter 
exposure  to  45%  RH  and 
75  P  for  14  days  * 


Sensitivity  data 
on  ULM-68  coated 
:  by  weight 

Impact  ;  Friction  Spark 
(kg -cm)  (lbs)  (joriles) 

(-)  250  (-)  90  (-)  9  : 

7  '  (+)  16  V 


(Coating  (percent  by  Wt.  ) 
2. 0  1.  0  v  0.  3 


Nil  CIO  ,  as  received 
(ULM  -  68,  'See  Note  1) 


Stand  a  r  d ,  No  c  o  ating 
(Mixed  With  benzene, 
and  dried'  ; 


1.  Particle  Size  of  ULM  -  68 

i  '  t  J  i  1  »  i  -i 

.  Date  Microns  Remarks  y: 

■<  ’-if  ■  ''  \  'v  ,  rf,  (  ^ 

4/13/72  0.38  Start  of  2%  coatings 

4/6/72  :  0.  39 

1 

5/8/72  0.  43  .  Start  of  reduced  level  coatings 


Notes 


2.-  Uncoated  material  grew  frdm  0.43  to  0.  58  during  the  same  period 


COATING  METHOD  STUDY 


Tin*  fifth  method  is  applicable  to  'Solid  anti  agglomerates  and 
involves  boll  milling  with  the  oxidizer.  This'  method  was  evaluated  using 
Sil.iiiox  101.  A  sample  of  AP  was  ball  milled  with  0,  <i"«  ot  Silanox  )0!  and 
s.i  moles "withd  r.rtvii  at  t\vo,  fbifr, 'and  six  hours.  Particle  size  data  from' 
jig  samples  for  24  hours  at  45%  R  i  1  are  shown  iii  Table  4. 

;  s.;.  '  '  :!■  r-.  '  ;  '  A  i  '  '  .  ,  y  '  -.A  :  -  ■  S  A  ’  '  •;  :  .>  ■'  ;  /; 

("oat  ed  p.tVtu  le  growth’  rate,  at  4 S "1,  -R I T ,  was  used  to  assess  the  1 
i .c  v  of  the  coaling  on  live  product  s'  prepared  by  the  various  techniques. 

O. -position'  from  solution  while  evaporating  the  solvent  was  determined  to  be 
the  most  efficient  method  of  coating  oxidizer  samples.  It  must  be  mentioned 
ag  ii-r..  hciv.  i-Vck,  that  vapo'i"  depcisitioti  under  'a  vacuum  is  still  v'e>-y  .fdv'arft'agehus 
ii  obT  lad  i  coating  material  applicable  to  this  method.  , 

■  S-.s’bt  mk  4.  Coating  .Stability  ‘  -v  : 


This  subtask  was  designed  to  evaluate  the  stability  of  the  coating  on  the 
oxidizer.  This  'would  determine  if  a  coating  can  withstand  the  rigors  of  normal 

/handling  or  operations. '  i ' • -u A yb--;g T/ . / i' f ;  ;"l /%%%;/;  .k:\  %  i  : 

'  ;Tn  order  to  evaluate  the  effects  of  organic  solvent  vapor  on  the  coated 

oxidizer',  samples  of  coated  oxidizer  'were  exposed  to ‘acetone  a'nd  benzene 

vapors  in  a  closed  vessel.  iA ftef  Hiis' 'the  saniples  wefc  put  in  storage  at  45%  r 

R ii;  f  KieaSuf emdht'i  of  particle  size  g rowth  relative  to  coated  oxidi zer  not  : 

exposed  to  organic  vaporsisinterpreted  as  a  measure  of  the  stability  of  the 

coating  to  organic  vapors.  Particle  size  measurements  resulting  from  this 

experiment  are  shown  in  Table  4.  It  can  be  concluded  that  polar  vapors, 

reprdsehted  byac  of  on  e.'aremuc  h  worse  than  the  non -polar,  represented  b  y  ' ' 

benzene." ; P  .;r  !■ : “f.-v-  :  g  %■ 

"•  •  '  :>  V.c-/'' c.!".-"  :  1:-^;.  :  ebm;  -&'•  ..."  '  ■  ; '  ;V  ! 

’•  '•  :  V:.:.  ;•••  V-  ‘  Vl/u  «»»•:  '■  '  ■  T*  %  ‘ 

'  f  ?  ‘  -1  ,  ;  V 

Resistance  of  the  coatings  to  organic  'liquids  was  determined  by  rapidly 
Washing  a  sample  of  coated  oxidizer  on  a  Buchner  Funnel  and  drying  the 
oxidizer  under  a  vacuum.  After  exposure  to  45%  RH  the  oxidizer  particle 
size  was  measured.  Again,  the  particle  grciwlh  was  interpreted  as  a  measure 
of  coating  stability.  The  results  are  shown  in  Table  4.  Node  of  the  coating 
will  stand  ud  to  liquid  solvent  treatment.  '  u 

Abrasive  resistance  of  the  coating  was  evaluated  by  ball  milling  the 
coated  oxidizer  with  and  without  balls  for  one  hour.  These  samples  were  then 
exposed  to  45%  RH  for  24  hours  at  25°C.  Figure  2  shows  the  results  of  the 
abrasive  test.  It  can  be  seen  that  Eastman  910  and  CW4-019  have  the  best 
abrasive  resistant  properties.  Temperature  effects  are  shown  in  Figure  3.  It 
is' concluded  that  HX-868  and  HX-752  are  preferred  as  far  as  low  temperature 
hardening  of  the  < mating  and  high  temperature  agglomeration.  / 


1  1 


TABLE  4 


RESISTANCE  TO  ORGANIC  LjQUIDS  AND  VAPORS 
2%  Coating*2 V  24  Houtk  Exfosurc  to  45%  RH,  75  F 


,  Coating  ? 

:  Benzene 

Acetone 

Benzene  \  ;j- 

Acetone 

Wash  I 

,.\v  a  sh 

Vapors 

Vapors 
. . . .  — •  -«*■  .  - 

I IX -868 

'• 

'rX-)pM£ 

0.39 

2.85 

IlX-752 

ffe  1.52 

2.82 

'  0.49 

4.  3 

CW4-019 

;  Ji.;70 

# 0. 474 

1.  39 

Johnson’ s  Paste 

Wax  1.92 

2.  38 

o;  60 

3.  10 

Silanox  10 1 

V  4-° 

J  4.0 

; .....  0.  575 

3.20 
AGL  (1 

DOW  XD  1040 

'  •  '  ■  fV  ' .  "  •  .  ‘  •;>  • 

3.  81  ^ 

0.  73  :;A\ 

Eastman  910 

3.02 

•  .  -t  •  '  .  .  r«f  ; 

:  0.436  ' 

’  TVt  -,  '6'  ‘  t:  J‘ ' 

'•  V 

2.95 

1  ’  ,  '  6  ’  '  -  V  ’/  '•  ■  ‘  *  ’.f ,  !  W  i 

•••••.  _■  -  ■  •  Wy  -Vy*  -*  -Fr  vVV.1  aVw  >•/<&>...•  • 

*l  Agglomerated  into  a  few  large,  hard  lamps. 

..  ,K>-  .  '.y;  .< -XyC,.  ’•  •  *  ..  y'.'j 7 * -'P’.' 

*2*AP  samples  were  all  taken  from  batch  ULM- 

••  ’\’i 

--w- 

•  68  particle  0. 

-  •  •  •  vJ  •; ■  ‘  ■.  •  .  ’;-:s 

4? a . 

Subtask  5.  Multipurpose  Coatings 


1  .  Propellant  Properties  '  \ 

The  objective  of  this  study  was  td  detertrime  the  rheological  properties 
of  pseudo- propellant  formulations  cWhtiihitig  precoated  ultra-fine  oxidizer. 
Past  experience  haS  indicated  that  soTid-biftder  interaction  plays  &  signifi¬ 
cant  part  in  the  rheological  properties  of  uncured  propellant  formulations. 
Therefore ,  this  test  was  designed  to  determine  if  the  coatings  on  the  ultra- 
fine  Oxidizer  would  detrimentally  change  the  rheological  properties  of 
uncured  pseudo- propellant  formulations.  The  coated  oxidizers  were  selected 
from  the  previous  screening  test  series.  >  v  ' 

' ■'  i. ■■■;,'•  (r<  •  .  .  ..\  •  .'•••'•■  .  ;>‘i  •  ,V. 

■■  v  '•  y...  .  -fW  :  _  •:  '  '■> '  •  \  ’•  ••  i  • 

Fifteen  gram  pseudo-propellant  mixes  were  prepared  as  described 
ih  Table  5  .  Before  the  experimentally  coated  oxidizers  were  formulated, 
two  standardization  mixes  were  prepared  and  tested. 

-i'i- y.’i-r  '•  ft  ;i'  '.;<'<!(  -Id-Pi:  .  -’tt  t  .:V;  t? 

„  '  All  tests  were  determined  on  the  Haake  Rotovisko  viscometer  it  j  v 

+145BF.  The  mixes  were  tested  at  various  shear  rates  and  the  resulting 
shear  stress  recorded.  Rheograms  were  prepared  by  plotting  shear  rate 
versus  shear  stress  and  shear  rate  versius  viscosity.  ‘(See  Figures  4 
through  *  8 . )  The  individual  mixes  are  plotted  separately  on  Figures  4 
through  14  and  composite  rheograms  on  Figures  15  through  18.  <  £ 

'  1-f  '  v*  '  *  *,  .)  ^  „  h‘‘  _  <{’-  ~  ;  t  ,?'*  I  '  '  ‘  ,  /  ‘i  " 

The  coating;  materials  are  iisted  ahd  identified  in  Table  6 ;  The  • 
coating  material  was  applied  to  the  oxidizer  at  1 .0%  by  weight. 

■  \  ,  .  ;  ,  ■  «  f;v  ("f  \  r?  t/  , 

The  materials  specified  in  Table  5  were  blended  over  a  1  /2  hour 
period  then  heated  to  +145*F  and  stirred  intermittently  for  approximately 
three  hours  .  This  three- hour  period  allowed  for  complete  wetting  and  ;  ' U  ^ 

'  stabilizing  of  the  niix  at  145*F.  This  mix  was  then  placed  in  the  Haake  * 
f  viscometer  and  tested  at  +l45*F.  The  rhix  was  stored  at  +145*F  for  24 
hours ,  stirred  thoroughly  and  again  tested  on  the  Haake  viscometer.  The 
results  of  the  "3 -hour"  test  and  the  "24-hdur"  test  are  presented  on  the  yti 
same  figure.  It  becomes  irrimediately  evident  when  reviewing  the  figures 
that  the  mixes  change  rheological  properties  between  the  3 -hour  test  and  -V 
the  24-hour  test.  Generally,  the  Mixes  drop  in  viscosity  over  this  time 
period  and  change  from  a  pseudoplastic  material  with  a  yield  value  to  an  , 
almost  Newtonian  material  Without  a  yield  value  or  with  a  very  low  yield 


14 


TABLE  5 


c  9.  r. 


9C  €  C  ■ 


€°o 


Co  fo^  o’t-',  o,  i°  CT°' 


5TABLE  6 

C6AT1NG  MATERIALS 

Identification 

#1A  V 

f  Eastrtiah  910:  Gyarib  acrylate 

#2A 

Johnson  Paste  Wax:  major  constituent  is  carnauba  wax 

#4A  ‘  \ 

HX-868:  Trimesoyi  1  (2-ethyl)  aziridine 

j./  #5 A 

HX-752:  Bis-ieophthaloyl  (1-2  methyl)  aziridine 

#9 A  v 

CW  4-019:  Reaction  product  of  MAPO  and  Hydroxy  Stearic 
Acid  '•  Vjj ^ 

,,  #31 A 

Dow  XD- 1 040:  N-phenethyl  aziridine  V 

:  ?■»:’,  •  ;%x.rv !,'•••  '•  *,  V  :f  .V 

#4  3  A 

Silanox  101:  Hydrophobic  Fumed  SUica 

$ 
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Mix  No.  IIIA  (Standard) 


Figure  4.  Viscosity  and  Shear  Stress  Versus  Shear  Rate  of  Coated  Oxidizer  Mixes 


Figure  5.  Viscosity  and  Shear  Stress  Versus  Shear  Rate  of  Coated  Oxidizer  Mixes 


HTPB  (lot  AA80J  :  30.  00 


IBS! 


t^H)  o0T  X  ^isoostA 


Figure  6.  Viscosity  and  Shear  Stress  Versus  Shear  Rate  of  Coated  Oxidizer  Mixes. 


Mix  No.  2A 


Figure  7.  Viscosity  and  Shear  Stress  Versus  Shear  Rate  of  Coated  Oxidizer  Mixes 


Test  Material.'  *  ■■■•%  '■ 

MTP'IJ  (lot  AA80)  :  30.  00 


(d>i)  710I  X  A,iso:>stA 


cosity  and  Shear  Stress  Versus  Shear  Rate  of  Coated 


Mix  X'o.  5 A 


Figure  9.  Viscosity  and  Shear  Stress  Versus  Shear  Rate  of  Coated  Oxidizer  Mixes 
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Figure  10.  Viscosity  and  Shear  Stre 


Material 
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Stress  Versus  Shear  Rate  of  Coated  Oxidiz 


Mix  No.  IIIC  (Standard) 


Figure  14.  Viscosity  and  Shear  Stress  Versus  Shear  Rate  of  Coated  Oxidixer  Mixes 
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■  The  composite  rheograms  (sec  Figure  15  ih  roufih  18)  show  that  s"ve<-al 

i\  n  a  o  i  a  7  a  and  1 A  (Table  5)  have  lower  values  than  the 
of  the  mixes,  4A,  43  A,  3  l  A,  M  and  1A  (  I  aoic  ‘  ■  for  bo(h 

tAVO  standard  tests.  The  one  outstanding  reduction  m  shear  stress  for  boll 
the  3  hour  and  24  hour  test  was' the  mix  cbrtUimng  the  oxidizer  coated  vv .  i 

-Postman  9)0i  h  should  be  Mso  noted  that  the  shear  rate  tol*  this  mix  ha  1 

ti  1m'  -.Hiustod  One  Sofaddln  order  to  obtaiu  measurable  values  because 

]„»■  vi.coi.ty.  The  24  hour  test  dors  rot  indicate  any  aiamfiran 
‘htti^r^tb  tWuse  or  EaUtmad  918  obatod  oxi Siaer .  The  »«.« 
rroratod  in  orilef  to  ccillfirm  this  roduct.oiWri  shear  st  rosy  ;  ■ 

Will  the  use  of  Eastman  9.10  coated  oxidize . .  I  owe  /c  ,  •  .•  . 

ultra-fine  oxidizer  was  Used  which  tof  airiedji  different _ftr.nd.nB  «*d 
(HV-868)  as  opposed  to  the  ;HX *874  used  on  the  other  oxidizer,  f 
.  rheo-.rams  il'Tnires  U  and  14)  for  the  standard  and  the  experimental  m. 
fo,. .tin's  "repeated"  test  show  that  Eastman  9 10  has  no  effect  on  the  rheologic, 

pr  ope  rties  \vht*n  I1X-868  is  iisccl,  ,  ^  ^  ^  t  > 

-  '  pmrr  the  data  generated  the  following  conclusions' were  made:  ; 

1  All  nnxes  have  improved  now  characteristics  between  evaluation 

at  3  hours  after  preparation  to  24  hours  after -preparation  it  the  ■ 

test  temperature  of  +145  F.  ■  -  < 

2.  The  ultra-fine  oxidizer  coated  With  Eastman  910  on  HX-874  resulte 
'  •  .  in  a  mix  with  the  lowest  shear  stress  values  ^rnpared  to  he  oth  - 

•  '  tests"  The  3  hour  test  and  the  24  hour  test  indicated  similar  results 

,  '  •  except  for  the  initial  portion  of  the  3  hour  curve.  This  mit.al  ( 

portion  indicated  a  high  yield  Value.  , 

•  3  Dow  XD-1040  fn-phenethylaziridine)  coating  improved  ili<- 

•  ’  rheological  properties  consistently  throughout  the  shear  f ate  .  .  v 

,,  '  range  while  inclusion  of  fdX-75*  had  an  adverse  effect. 

■  ,  .  4.  Grinding  aids  also  affect  the  rheological  properties  as  can  he 

^■5  P.  ■  'observed.  .  u*.  -p-tp  'v rTc-v-’u'  T XP:;;;P 

5.  The  combination  of  Eastman  910  on  HX- 874  appears  particularly 
--pPp1  ;  attractive.  .  PPPpp  pupp.;-:  Vp ,  ■'p:P;P';P:'p  pf-P' p::p  '  .  ppp  .  ■ 
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Propellants  (one-gallon  size  mixes)  were  made  from  oxidizer  coated 
with  several  of  the  candidate  materials  and  processing  and  strand  burning 
properties  were  obsei-ved.  The  results  of  mixes  made  using  XD-1040, 
IIX-808,  I IX -752  and  Eastman  910  coatings  are  shown  in  Table  7.  From  a 
processinR  standpoint,  XD-1040  looks  best,  however,  the  Eastman  910 
sample  had  agglomerated  si ightly'  hnd  had  to  be  screened,  and  may  hot  be 
representative  of  the  best  results  obtainable  from  this  material.  SilanOx 
.mid  Johnson's  Wax  were  not  proccssible  in  propellant.  Burning  rates  of  all 
the  propeliants were  qtiite  similar,  around  1.1  inches  per  second  at  1000  psi, 
and  exponents  were  high  -  in  the  0.0  *0.7  range.  Physical  properties  ot 
all  of  the  propellants  Were  good.  t  e 


In  order  to  furthe  r' investiRate  the  relationship  between  Eastman  910 
as  an  overcoating  on  HX-874  ground  oxidizer  by  comparison  with  HN-808,  a 
repeat  of  tlx-  Eastman  910  evaluation  was  done.  .This  repeat  showed  a 
significant  viscosity  reduction  by  the.use  of  Eastman  910  o v c r c oat e.d  on  c 
HX-874 .  -i?  The  significant  gains  obtained  by  the  use  of  the  Eastman  910  over¬ 
coating  on  the  HX-874  grinding  agent  are  illustrated  in  Table  8  and  in 
F  igure  19.  It  was  thought  that  the  a  g  glome  ration  which  appeared  in  the  lirst 

duplicate  test  was'avoided  in  this  later  experiment.  , 

2.  Grinding  Aids  W ■  F,  X  ■ 

■  .w.  b.  :*.*  •  •  ■  *:-aV  v  ■  /.■'  v  g  1  •  -•  .•  •  •.-• 

•  •  ..  ....  V '  ••  •/ H"  ,  :  ■  '-i't-  •"  X  . >  •,  ■  •  W  -  ‘  •;  ■  '  ,-i.  ■!  s  ■  •' 

1  :  '  £.  :  '•••  :•  .•  :  i  • . ' •  -j.  ■.% ..  ?. ■  ■'  :  • ?  '  '  -1  C  •  •  .:•*,!  •  -  !  f- ' ,  w-  - 

•  :  ■  X!-  79.,!  v'":-  ■  t  •vF--’  :  -  VjF'X  -  v'  -J  V'1'  ■  -  ■  •  V 

Six  of  the  coatings  were  evaluated  as  grinding  aids  (Table  9)  in  the 
SW  ECO  Vibro-energy  mill  using  Lecithin  as  a  standard.  Johnson's  Wax  and 
CW4-019  were  not  effective,  but  HX-752,  Silanox  101,  XD-1040  and  HX-868 
were  as  effective  as  lecithin.  This  work  indicates  that  these  compounds  can 


hW  used  to  grind  AP  in  the  SWECO  mill,  and  will  give  good  processing, 
physical  properties,  moisture  protection  and  growth  inhibition. 


TASK  1.  SUMMARY  ; 

Approximately  40  coatings  have  been  screened  to  find  material  which 
will  protect  UFAP  from  particle  growth  in  a  moist  atmosphere.  Six  coatings 
have  emerged  as  superior  from  this  testing.  Several  of  these  have  been 
shown  to  be  effective  in  grinding  UFAP,  and  in  protecting  UFAP  from  solvent 
vapor  or  abrasion.  Methods  of  coating  application  have  been  assessed,  and 
shown  to  be  dependent  upon  the  particular  type  of  coating.  A  formulation 
guide  summary  is  shown  in  Table  10,  (Plus  marks  indicates  good  perform¬ 
ance,  and  a  ze ro  indicates  no  change.)  .  . 
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Johnson's 
Paste  Wax 


TASK  II  -  PARTICLE  Z7LZ  GROWTH 

The  objective  of  this  task  *as  to ‘determine  the  conditions  which  will  . 
„rrn.it  st6vaee  onat6=  quantity  of  UFAP  fov  up  to  on.  y=a,.  .0 

rF\pnpa«’icrio"sU<'.  ■  Also,  conditions  worn  defined  lor  the  statue of  UPAP 

,,  r  -hortcr  periods  lon.-twn  monthil  so  that tho  material  wou.J  still 

::;,n  to 

ambient  conditions  was  studied.  ..  ,  • 

Anh-fosUs  1  snd  t  -  reticle  Sire  Growth  of  PFAT  ICoat^and  Vneoa-.d.. 

:  This  study  was  directed  at  obtaining  baseline  *>*«*£%*'«'  data 

/  on  three  standard  UFAP  materials:  fluid  eitorey  milled,  SWKCO  vtbro 
encr-y  milled  and  emulsion  freeze -dried  UFAP.  _> 

The  crowth  rate  of  uncoated  fluid ‘energy  milled  AP  (  *■*  1.7  ji  ) 

.  was  deter,,, ined  by  e»posi„s  samples  of  this  material  to  .  «»  temperature  ... 
throe  relative  humidity  test  matrix.  yPartiele  sire  of  each  sample  »  . 
t;  measured  as  a  function  of  time  aiid  the  results  are  shown  in  i-;*-  H- 
'  Sincc^p  rohibitivo  particle  growth  occurred  at  all  tost  conditions  it  was  . 

Concluded  that  simple  storage  conditions  will  not  prevent  particle  gro 

;  of  uncoated  UFAP.  \  ,  •  *  >  ' :%-4;  '  r'  ,  "V  ‘ 

,  ♦’  *,  ,  ■  \  -;.j  ;  ..*•  _S,‘  ,  .  /' 

A  phenomenon  that  has  befen  observed  throughout  the  course  of  ■ 

the s:e  studies  is  that  the  oxidizer  particle  will  grow  during  the  first  24  hours 

of  storage  and  then  tend  to  de-igglbm^rate  with  further  exposure.  Since 

these  analyses  were  performed  over  a  widely  varying  time  period  it  appears 

:  that  this  phenomenon  is  real  and  necessitates  the  re-assessment  of  particle 

size  data  that  is  obtained  prior  to  at  least  48  hours  of  exposure. 

Two  types  of  coated  UFAP  have  been  subjected  to  storage  conditions 
of  varying  relative  humidities  and  temperatures  in  order  to  determine  t 
growth  rate  of  UFAP  prepared  by  different  techniques  v  ^rie^of  constant 

humidity  desiccators  was  prepared  and  temperature  was  controlled  by 
enclosing  these  desiccators  in  a  constant  temperature  oven.  The  first 
sample  examined  was  one  (prepared  on  the  Vibro -energy  miU)  coated  with 
0.  4fo  HX -87 4  during  the  grinding  process.  Fifty  gram  samples  were  stored 
at  10  30  and  50%  relative  hi -nidities  and  at  three  temperatures,  ,  , 

;  ll°C  and’particle  size,  were  measured  after  24  hours.  48  hour,  and  one  week. 
These  data  were  continuously  collected  up  to  a  time  period  of  ten  weeks.  The 
data  resulting  from  these  tests  is  shown  on  Table  12.  Note  that  essentially 
no  particle  growth  occurred  when  the  samples  were  stored  at  }0%  rel^^ 
humidity.  Note  further  that  30%  relative  humidity  appears  to  be  a  satisfactory 
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i  h.%p<ii  upp— wpiftiji 


ssi^;.^«?rf^»tdiHoiiVo^vt!u-*.e^iJvw^«rt§!^y«m^irpr?p.\rcd,p>ii<U5'tcr  if  'th.o  ternRe.raf 
tii:-f  is  6Q#C  or  less;  ®  A  relative  hurnidity  of  50%  appears  to  bo  too  harsh  a 
storage  condition  even  at  ambient:  temperature.  ,,  v. 

Ah  exact  duplication  of  the  preceding  experiment  was  performed  with 
UK  A  p  prepared  bv  the  freeze  drying  process.  The  oxidizer  prepared  in 
tins  manner  was  coated  with  i  .4%  Emcol-51  1  {emulsifier)  and  0.6%  Emcol* 

.}  .'MO  (coating  agent).  The  rehultantparticle  size  of  the  oxidizer  prepared 
in  this  process  was  -(V. 48  micron.  The  results  of  storing  this  oxidizer  at 
relative  humidities  of  10,  30,  and  50%  at  temperatures  of  80,  60,  arid  io*C_ 

'  shown  in  Table  1  3  e>  The  trends  rioted  in  the  datk  are  similar  to  those 
found  h  ith  tin-  Vibro-hri'ergy  milled  tlPAF*,  name  ly  ,  ten  percent  RII  was  a 
-atisfactory  stora g'c  condition  even  at  high  temperatures  and  50%  relative 
humidity  provided  conditions  conducive  to  particle  growth  .  These  studies  . 
v.  ere  ee.ntiriued  fora  pe  Hod  of  ten  weeks  >  ,.;v  ■  .  '  1  .  •  , 

O.ita  (Talile  14)  showed  that  neither  S\\'EC(5  nor  freeze- dried  tJ I-  AP 
particle  si/e  was  significantly  affected  by  intermittent  exposure  to  ambient  , 
temperature  and  humidity  unde  r  conditions  that  spniulatod  weigh-up  and  mixe  . 
acitiitiori  procedures  during  prbpellant  production.  ^Consequently,  the*  particle 
g  rowth  rate  of  the  coated  UFAP  studied  can  be  controlled  under  conditions 
which  can  oe  met  in  production  situations,  * 


•  \;i> 


Task  3  -  S'o: 


igc  Condition^  for  Stabilization  of  IJ TAP  Growth  Rate 


......  An  eyaliviitibri  Of  Athe  r  Storage  conditions  ^s  a  means  of 

p -('Venting1  pa sAicUh growth  Was perfo'rmed  on  the  three  previously  described 
UFAP  materials.  The  storage  conditions  were  as  foil owS: 

.  _*■  ..  *-  •  ;  .  ’hope:.  ,  f ",  he- 1  ■  ..  .  ..  '  t  ■V-'-'-v/'  .  .**.•_  %'  *.*.: 

1  .  A  nitrogen  fiileri  desiccator  at  ambient  tempo rature, 

2.  A  desiccator  stored  at  -35°C. 

•  3.  A  desiccator  containing  P^.O 5  (ambient  temperature). 

4.  An  Ovacuated  desiccator  at  ambient  temperature. 

5.  A  forced  air  o van  maintained  at  1 15°C. 

Fifty  gram  samples  of  the  fluid  energy  milled,  SWECG  Vibro-enercy 
milled  and  emulsion  freeze-dried  UFAP  were  exposed  to  each  of  these 
conditions  and  particle  size  measured  at  several  time  intervals  up  to  ten 
weeks.  f,  ■'  't  'hi’ih 4. h  44 

As  can  be  seen  from  table  15,  the  uncoated  fluid  energy  milled  AP  . 
exhibited  a  prohibitive  increase  in  size  at  all  condition  except  the  1 1  5°C 
storage  The  data  at  -35°C  is  somewhat  questionable  in  that  much  pastjlata 
at  TCC -Huntsville ,  as  well  as  other  laboratories,  had  indicated  the  -35  C 
storage  condition  a  most  effective  technique  to  prevent  particle  growth. 
Failure  to  keep  the  sample  closed  to  the  atmosphe re  before  reaching  room 

temperature  could  possibly  hccoUnt  for  the  growth  •'•'ted  in  Table  '15. 
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TABLE  1  -i 


The  data  obtained  for  vibro-energy  milled  AP  at  the  same  storage 
conditions  is  depicted  in  Table  16,  This  oxidizer,  which  is  coated  with 
•i).  4  HX-874,  exhibited  excellent  particle  size  "stability  at  all  test  conditions 

nip  to  "ten  weeks.  ;  ;  ...pX  £•!;,  -W  7  '  ,  w  ■>'  '•!  , '•  f 

Similar  conclusions  can  be  dfawrifrom 'identical  tests  on  erhulsion 
freeze-dried  i'FAP  (Table  1 7 > .  ■;  :  S  :  ■  ;  ‘‘ 

*■>  In  order  to  determine  the  effectiveness  of  stotmg  UFAP  as  a  paste 

Ta  IfTiMl  polvmer,  a  sample  of  Vincoated  fluid  One rgy  milled  oxidizer  was 
.mixed  with  HTPB  polymer  in  two  different  Ratios  (60%  UFAP /40%  HTF’B 
and  70''.  U F A P / 3 0 K H TP F> )  and  the  b'lends  exposed  to  temperatures  of  -20, 

77,  and  140°F  and  relative  humidities'  of  50°o  and  lOUf.  Particle  growth 
was  followed  with  time  (table  IS).  Data  showed  that  growth  had  only 
occurred  at  the  lii uh  temperature,  high  humidity  condition  after  six  weeks  ■} 
of  si  o rage. X7.W. .  7.U .TpyTST  " .UiyU-F 'W  vsff  lOpy: FTf  -  ' 

life  stability  df  the  polymer  from  which  the  paste  is  manufactu run 
S  of  critical  importance.  The  molecular  weight,1  functionality  and 
tf.Wlroxyl  ecfui vale nt s  of  the  polymer  were  followed  as  a  function  of  time. 

After'  six'  weeks  of  storage  slight  decreases  in  hydroxyl  content  are  ap¬ 
parent  especially  at  the  high  temperature,  low  humidity  condition.  .This*’ 
Would  indicate  that  a  hydroxyl  uptake  reaction  is  occurring  which  is,  as 
V  mild  be  expected,  idrivtn  by  higher  temperature,  but  which  is  tempered 
by  :he  presence  oi  moistur'e.  -  In  other  words,  -the  hydroxyl  from  water  is 
more  reactive  than  is  the  polymer  hydroxyl,  t 

The  decrease  in  hydroxyl  is  accompanied  by  a  significant  inc  rease 
in  the  weight  average  molecular  weight.  This  indicates  that  the  polymer 
molecuiar  weight  disfrihutibh  is  much  more  broad  (more  low'  molecular  ' 
weight  and  more  high  molecular  weight).  .  W 

'■  V"”'  ;g,.  :\’xi  -v;;  T- 1  '  •  ';,.*&*• f.,  ;v  •  U  ’  .  1  :  .  'V'-.  ;  .  •  l 

■  !y-  .  :rv. •:  v-./  ■■  v  •  *-  •  >  •  -  '■  ;•  .■ 

'  .  »*  -  •  •  ■  .  VV  1  .i  .  *  '■■■['  •  ■'  •  >  '  •  .  '  ,  •"  •  *  '  .  ' 

T,;  ';  ■  It  is  concluded  that  storage  of  UFAP  in  a  paste  form  must  be  '•  j  , 
done  at  moderate  humidity  and  low  temperature  and  not  for  extended 
periods  of  time.  ?  f  '  ■  >  ,  ,  r:  ■  ; 


EFFECT  OF  VARIOUS  STORAGE  CONDITIONS 


TABLE  18 


;  ASK  ill  WATKK  ANALYSIS  '  ;:A .W/A .AiK/  '.-  K  A 

.  A/A  ■!  AKAf  . A.A 

Tl-.c  objective  i)t'  this  task  was  to  develop  a  rapid  water  analysis  technique 
//,,.•  i  A!>.  Hie  Karl  Fis cher  technique  was  to  he  evaluated  as  to  accuracy, 

:)••(•(  i > ion  and  speed  and,  i  1'  found  inapplic  able ,  new  techniques'  were  to  be  evaluated.' 

T j •- , >  i'ari  Fischer  technique  is  in  widespread  use  and  is  the  method  of 
,  for  the' water  analysis' of  ahimohium  perchlorate  in  the  propulsion  industry, 

i'-isii  .ally,  the  procedure  ’involves  the  reaction  of  the  Karl  Fischer  reticent  with 
iVioist u're  and  the  end  point  is  normally  determined  electrometrically.  The  Karl 
iKi  seller  redeem,  a  mixture  of  pyrideno *  sulphur  dioxide  solution  and  iodine* 
motif, mol"  solution,  reacts  quantitatively  with  watcYe  j  ,  i  ,  . 

AA  A  ■/  Aa:W.-4A\  vA'AAAWw  A5'  /A  W/A  AA:  /‘W  V  WAdA 

All  r.o.ieh  (he  ex.a  't  chemistry  of  the  technique  is  not  known,  current 

‘‘  in!  mr  rndich'es  fh>r  following:  1  2  ,  *  1  ■ 

a.  w  '  'V-  \°‘ w;w/Aw(  ■>;  ■  /' .  >;•;  . 

V  '  A':>f  aw.  •'  ' ;  •*  V."-  -  •  \  .  ..:,i  w  V:  .  ,-y ^  y  l  -a  . 

1  v  ?AW /'-  awso 

A  A  '  A  "s.  A  AW  WAA/WrW::  A  :A4:’  1  eAA  iK&'' . A'k' " ' ':’A "FA A ■  IK  I  A/  ■  AWa'  A  ;/  ' 

(  ? i  X  •  i  r  C  IIM  •'  SO  J-  C.fl.N  <-  11,0  -^  WClll.N  :*  C=H„N 

'  *  V  .  "? *  ’  At  A>  '  S  *S  "  '  ?.  .'otj  ^  ,  -r  ;  *j  -ij  '  *5  •> 

Add  a  :  A:  i/W  AA’iA.;AA->-'A  'A  wW  A  'AK '!  ■!  A.;  /A ; A, d  A  A  ?A  i’A  A 1  1' A 'e  W':  ;  O 

'  '  ■  ’  ••' .  ..  •  j  •  i  .  jth  \  .  .  •../  .  if  ^ :  ...■« 

1  •  :  :  J-;.  '/A  A.  '.V  •.  ’i.  -e-  ;•  ■  •  .h;.  •  :  ;;  A .  a.  .  •  ,v-  •  •  .•  ;  • ,  ;  :  V-1-  :  .  .A*-;:; 

>:  S'  •■•'■  ;A  Ap.Ar  '•  -SO'  A-A  -A;  A,  AA:| .  A 

:Aa:.  a  riA  ;  a 

(  .  11  X  AAA?/  A:±C i  1,01 1  CK H, K  A,; AAyp' ; , • 'S'A';A;A‘  :!:-AA.A:  .,A  - -AA ;,  ':".  A  '  A:  /  / ,/  ■  ; 

.  a  \  ^  ‘  ,  5  ?  \ 

A?A;:;A:0  ;  ..  •  '  SOCH  , 

A  -Al  .AA';./  A/ii'  ■  ”AA;-pA  ^  V:  s!:A-; !.  aA:;,'A;  ,/A;A  A; 

V  A  ?  A:  :'  A,:  :::A“  AA  A  .1  A'Aa  A'A,;A//;:AAA  (A/fA;  A.,/:).  i;;  .Afye:;'.?:.  ,'vr  '  -  c'-a 

The  Karl  Fischer  reaeent  does  not  react  chemically  with  most  materials; 

however ,•  there  are  sonie  compounds  and  classes  of  compounds  which  react 
with  one  or  metre*  of  the  constituents  6f  the  lteagent  .:i  iAmonp  tho  s  e  mate  rials 
which  do  not  react  arc  metal  oxides,  ferric  Salts/  substituted  hydrazine  salts 
and  merhaptans.  The  technique  is  applicable  to  either  soluble  or  insoluble  A 
solids  arid  both  direc-t  atid  back’ titrations  c.an  readily  be  performed.  The 
accuracy  and  precision  of  the  Karl  Fischer  titration  are  unsurpassed.  Standard 
deviations  of  0.00045  and  coefficients  of  variations  of  2.  81!n  are  typical  for  water 
analysis  in  ammonium  perchlorate.  A  The  maximum  range  between  duplicates  on 
a  given  sample  is  less  than  0.0016.  .  ^ 

AAA';:'.  A;A:,A:;  (AAAA;  A ,A;;vA :A’ 

The  uncertainty  concerning  the  effect  of  various  UFAP  coating  agents 
upon  the  accuracy  of  the  Karl  Fischer  titration  led  to  a  brief  study  into  possible 
interferences.  Five  different  selected  coating  agents  were  examined  as  to  their 
effect  upon  the  accuracy  of  the  autbrnated  Karl  Fischer  titration.  Two  aziridines 
(FIX- 868  and  XD-  10401.  two  emulsifier-coating  agents  (Nopcogen  16-0  and  Armeen 
SZ)  and  a  hydrophobe  (Silanox  101)  were  selected  for  study.  A  5%  solution  or 
•slurry  of  each  in  benzene/ methanol  was  titrated  with  the  Karl  Fischer  reagent 
and  in  each  case,  less  than  two  drops  of  reagent  were  required  to  reach  an 
endpoint:  •  This  not  only  indicated  a  dry  material  but  also  freedom  from  interference 
With  the  titration .  A  '  ‘  ,  •  '  > 


Studies  were  initiated  to  ascertain  if  interferences  were  encountered 
an  those  cases  where  the  coating  agent  had  reacted  wath  the  AP.  Samo^s 
of  ri-'AP  containing  the  two  ^iridineS  and  the  two  emulsifying  agents  »ere 
treated  in  methylene  chloride  with  a 

ioe vanate)  to  remove  surface  ^istu^:;«The  sanies  were  then  stripped  „ 
of  excess  methylene  chloride,  dissolved  in  betizene /methanol  and  titrated  ■■  ■;  . 

wali  Karl  Fischer  reagent.  In  each  case,  less  than  10  drops  (corresponds 
to  limit  of  detection  for  water)  of  reagent  we  re  required  to  reach  an  end 
point:  This  data  indicates  no  interference  from  the  coat.ng.AP  product.  , 

Five  Karl  Fischer  titrations  were  performed  on  UFAP  coated  with  the  . 
five  selected  coating  agents.  The  pre  cision  of  the  results  on  each  set  of  analyses 
was  well  within  normally  accepted  limits.  f  ^  _ 

Those  results  do  not  indicate  that  the  Karl  Fischer  titration  is  universal 
for  coated  tJFAP.  buf  is  quite  acceptable  for  those  coated  UFAP  samples  stu  he  , 
Care  should  still  be  exercised  in  using  the  Karl  FiscKer  tatration  on  coated  UFAP 
until  a  lack  of  interference  from  the'  coaling  agent  can  be  ascertained. 


TASK  ! V  -  HAZARDS  ASSESSMENT 


■K  T 'lit'  safety  aspects  ot  preparing,  handling,  storing,  and  using  ic.  Z. 

'  prions  'tori  As  of  1 '  FA  P  product  s  were  studied  arid  tested  experimentally 
to’ 'asset's  l  K<'  dearer  nf  hazards  associated  with  each  operation.  Three 
1  i  '.VP  preparation  mrithof!  s  wore  selected  ns  being  Representative  of  the 
'  st  at  (•-•>!.  t  ij.eTart  -  SWEf'Ov.'et  grinding,  fluid  energy milling,  and 

irci/.c  drying  -  for  detailed  study -Test  liietiiods  used  generally  we  rc 
based  upon  OSAR  8220.  1,  Explosives  (hazard  Classification  Pro  -edu res 
•Aorigiriall v  designated  TB  700-2), o  with. additional  methods  used  where 
needed  in  supplement  these  tests.  Such  additional  tests  included  friction 
..sens  it  i  vit'.-,  electrostatic  spakk  sensitivity,  'diffe  rential  scanning  calo  r imet  ry, 
.and  sc.  e  pi  i  hi  lily  to  dust  explosion.  Specific  operating  procedures  for  most 
of  the  tests  arcAgiveri  in  Appendix  A  along  with  the  tabulated  experimental 
data  and  discussions  of  the  test 'rnethods  arid  their  limitations.  ~  ,  ,  h 

:  'V  . "  .•  ■’*  •  g:  -e  "a  •'  ‘  i  -A.  '  -  V,Z  • ..  >  A ..'  '•  •'  :v .  ‘  , ... '.  •  [ 

I ■  ' '-/V.'..  '  '«■  y"/;  Z*Ty  v  ■  •  ‘  />  ,t;,;  V  1  •  •  .gl'-A  .•  •;  j  V  '.  '  '  i.B 

Although  UFAP  can  be  handled,  stored,  and/or  used  in  a  number  of 
physical  forms  (c.  g.  ,  dry  powder,  p'aste,  pr  slurried  with  a  carrier  fluid), 
the  end  products  studied  in  this  program  involve  dry  powders,  while  the 
preparation  steps  pass  through  a  wide  variety  of  intermediate  forms.  Work 
Was  the refo re  directed  toward  characterization  of  intermediate,'  or  in -proces s, : 
forms  or  compositions,  as  well  as  toward  the  end-product.  An' important 
goal  iri  the’ assessment  study  was  determining  Whether;l'UFAP  in  general,  or  ' 
at  least  in  certain  defined  conditions,  could  qualify  as  a  Class  B  explosive 
hazard  (Military  Class  2)  for  shipping  purposes.  7Z  |s*;;  T 

•••••.  .  •  ’  v  •  1  i  iSjVf.'r  kvy 

.  •:  "  - T  *V  >  :*•  M  r.'«  Zv -v-'T  ;  '  •' '.V' ■  ] :  !\W: :  y.’-:  i\l. .  '.  J-"';'-;  Z :  y .) ^  L-.  A  A 

•  Z'  Z.-,  -A.  V  :*:'•%  ^  ■.  ‘i5’  ‘  .•  i:  .  r;  •  ,  T "  ■  ’  •  : 

Dry  P< wder  UFAP  Product  Forms  v  V  z  "  ‘ 

■  -  •  •,  ;i- •  .  .'  -  •.  •,  u 'V.'-.v.  /')  -•  r'  '  '  i,  '■■■,'  \ . •  a  r:  y 

V  ’  •'  '  •  ■  ... u  .•  f.y..-  ™  •*  "  '  •  •  -  ‘  ■  j  , '  v  ■ 

•  Tri  'general,  •“dry  powder  1JFAP  materials  do  not  exhibit  a  very  high 
sensitivity  to  impact,  although  the  sensitivity  does' increase  as  the  coating 
agent  content  increases.  Where  tested,  the  dry  powders  Were  insensitive 
to  electrostatic  spark  discharge,  although  the  method  of  testing  tends  to  disrupt 
the  small  particles  of  material  in  the  testing  apparatus  before  it  can  be  initiated. 
The  materials  are  reasonably  the rmally  stable,  although  exposure  to  elevated  i; 
temperature  can  cause  physical  changes,  probably  caused  by  equilibrium 
solubility  processes  involving 'residual  moisture.  When  subjected  to  external 
flame,  the  materials  burn  smoothly  aind  do  not  explode,  when  urieorifined.  When 
confined  and  initiated  by  a  shock  waive  (explosive  donor  charge),  all  dry  powder 
UFAP  materials  can  be  expected  to  develop  a  detonation,  although  the  detonation 
velocity  may  be  relatively  low  or  may  tend  to  drop  off  rapidly.  All,  however, 
exhibit  destructive  chemical  decomposition  reactions  that  yield  explosive  forces. 
I'nconfined  samples  initiated  with  a  blasting  cap  will  generally  explode, 


particularly  if  the  material  contains  a  coating  agent  that  acts  as  a  fuel 
in  tin-  combustion  reaction.  The  one  sample  that  consistently  did  ; 

explode  in  ttie  lead  column  test,  fluid  energy  milled  UFAP  Without  con-  , 
tn  iAinunt  s  ,  ■  may  have  been  non  reactive  either  because  of  particle  size  (relatively 
.large!  or  lack  of  combustible  fuel  contamination'.'  peer  the  dust  concentration 
ranee  rested,  only' freeze-dried  material,  containing  a  relatively  high  con¬ 
cent  ration  of  coating  agent,  initiated  and/or  exploded  in  dust  cloud  form,  Ix'one 
.<>f  the  other  mate  rials  'would  propagate  throughout  the  cloud  when  ignited. 

(  eatrary  to  initial  expectations,  reducing  the  bulk  density  of  the 
UFAP  charges'  in  card  gaji  tests  did  not  increase  the  susceptibility  of  the 
rn'hi i-r  i  l  to  detonation.  Instead,  m  a  number' of  instances,  reducing  the 
h  ill  density  reduced  the  probability  Of  punching  the  witness  plate.  However, 

~e-  ere  plate  damage  resulted  from  every  test’*  either  in  the  form  of  plate 
'shattering  or  cracking  or  deformation.  The  use  of  standoff  separators  between 
Ahe  test  cylinder  and  the  witness  plate  tended  to  reduce  the  plate  breakage, 

:  b’  t  did  not  eliminate  it.  ’  _••  'r  ■■■’■  ''  ■,  :  ‘  ■U.'/yl  r;  ;y‘  ,  " 

it  was  concluded  that  dry  powder  UFAP  materials  should  be  ^ 

treated  as  ICC  (DOT)  Class  A  explosive  hazards  {Military  Class  7)  unless 
•do sen's jtized  in  some  manner.  Although  high  velocity  detonation  waves  may  r?vi  / 
not  develop  in  such  materials  if  initiated,  the  explosive  destruction  results 
woisld  be  extremely  sev&re.'  Summary  Test  Data  Sheets,  per  Chapter  3  of  - 
DSAR  8220.  1,  for  these  materials  are  given  as  ‘fables  19,  20/ 121,  and 
21.  Chemical  compositions  and  tabulated  test  data  are  given  in  Appendices 
13,  C,  and  D.  |  ’  |  ’  ■  i  '  ,/  }  J 

•  ‘  U-,  .  .:  ^  **  '  :  .'V  'tiv  A  '■  V:'.  ,  ■  -‘I'C  V  '  7  ■  •'  opi-  _•  '' 

'  >v  J  /  -  n  >,  J  r;  '  (  *  ,  '  K  ’} r  I  .  ; 

Alternate  UFAP  Product- Forms  »  ■  /  :  r ■■■■  ...  ..  ■  , 

*  ^  :  ..■•,  ..,  ■.  „  •  ■  -  ,  ,  •’  ■  ...  .'..  ;»•  ,  \  r 

I  f  ;  Alte  rhate  product  forms  of  UFAP,  such  as  pastes  made  with  HTPB 
polymer  or  inert  carrier  ft  aid  slurries,  were  eliminated  from  consideration 
for  various'  reasons.  Pastes  wet  dropped  from  consideration  primarily  because 
The '■successful  development  of  storable,  stable  dry  powder  products  virtually 
! eliminated  the  need  or  utility  of  such  materials.  Characterization  of  slurries 
was  minimized  bec'aus'e  of  overlap  with  the  SWECp  wet  grinding  process  which  ■: 
has  been  well  characterized  in  earlier  studies.  .  ,  \  ■ 


Intermedia'  e  or  In-Process  Materials 


•  The  SWECO  process  of  grinding  AP  in  a  slurry  has  been  compre-  ' 
hensively  characterized  in  previous  programs,  so  little  Work  was  deemed 
necessary  on  intermediate  compositions.  One  set  of  card  gap  tests,  run  on 
a  variation  of  the  mill  slurry  composition,  confirmed  that  such  slurries 
are  not.  detonable  when  the  Freon  113  content  is 'at  least  75%  by  Weight 
of  the  mixture.  Processes  where  the  slurry  passes  through  the  detonable 
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•  *'  °  c  e, 


*  ^5  o  £-‘>° 


»  '  o  -.oc  \<€  .  Vc  6**  ^  o 
Of  O  'C  ’«.©’  ...  o'’  C 


^qo  g  «  C  <?  °  4  ?  f  «•• **  '  ’ 
^JCfco”  'o'.Cf.Oco 


composit ion  ranges,  such  as  during  Freon  removal,  are 
non-mechanical  operations,  so  initiating  mechanisms,  a 
(exposure,  are  eliminated.  ,  .  •* 


•£*  *c4 

non  ^attendant, 
k  •veil  as  personnel 


1  he  fluid  energy  mill  grinding  process  essentially 
c dispositions  or  forms,  arid  the  operation  is  performed 
additional  testing  was  heeded.  ' 


■The  freeze  drying  process  for  tJFAP  manufacture 


■i  nroci'ss 


steps  and  e  biri  pos  it  ions’  that  mil  st  ire  done  or  Ijiandlod  by  at  te  hid  ant 

nor1  ally  are  pre- 


personnel.  As  presently  performed  at  Thibkol,  these  gc 

pa  rat  ion  of  fhe’AP  emulsion  for  free/.ihg,  and  the  ’freezing  and  subsequent 
ha  lid  fing  *of  t  he  f  roz°en  emuisidn. ;  .Once  in  the  sublimator ,  the  material  is 
ore-  :m.'d  i<>  he  isolated  froni  "initiating  forces  or  mechanisms,  and  when  it  is 
removed,  if  is  in  final  product  form  which  has  already  evaluated.  Negative 
card  hah  tests  results  w e'r  e '  obtained  on  a  typical  erriulsif  h  (consistency  of 
•mav-onnaise).’-'  This  wak  expi.c’tcd  s inte  the  emuls ion  Wa:i  ncariy°two  thirds 
water.  Card  gap  tests  Were  also  ruh  on  samples  of  the  s  ame  emulsion  afte  r 
freezing  With  liquid  nitrogen,  with  negative  results.  It  w  as  therefore 
assumed  that  the  greatest  hazards  associated  with  that  portion  of  the 
process  prior  to  charging  the  sublimator  were  eoncernef  with  the  liquid 
nitrogen  (cryogenic  tempo  returns  dhd  oxygen  starvation)  jand  the  trichloro¬ 
ethylene  or  other  solvent  (toxicity  6r  possibly  flammability).  Tabulated 
data  from  the  tests  arc  contained  in  the  Appendix  D. 


has  no  intermediate 
eni  lately ,  so  no 


involves  a  number 


tb'  ■ 


;  •  -,’r 
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TABLE  19 


EXPLOSIVE  HAZARDS  CLASSIFICATION  TEST  SUMMARY 
DATA  SHEET  (DSAR  82a0.1,  Chapter  3) 

Date  April  2,  1973 

Sponsoring  Agency  _ Thiokol  Chemical  Corporation' a  Huntsville  Division 

Contract  No.  FQ46  1  \-*?Z  -C-006 1  ;  ...  y  .  V  ,,  i 

Test  Material  Identity  .  P  foiihd  UFAP  Dfy  P OWdcr 

Composition  Reference  . . : f  **  Appy  B  tio.  VMA -93/^94 

Date' Manufactured  6  /  8  -15/73  .  v,' .» 


Detonation  Test  (Lead  Column) 


Ex  plod  ed 
Yes  No 


Burned 
Y  os  No 


ignition  &•  Unconfined  Burning  Test 


Exploded 
Yes  No 


Average  Burning  Time 
Seconds 


Single  Charge 
Single  Charge 
Four  Charges 


hermal  Stability  Test  (48  hrs.  (&'  75°C) 


'  Change  In 
Configuration 


Ignition 
Y  e's  No 


Card  Gap  Test--50%  Value  is  8-10 


Impact  Sensitivity  Test 


in  Math ie  sort  Drop'W eight  Teste r 
to-greater  than  250  Kgm.  -  cm. 


Approved 


Test  Supervisor  j;  /  . 
Test  Department  Head  /, 


Assigned  Classification 


DOD  Approval 


Signature 


DOT  Forbidden 


Title 


Organization 
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'  i  K  ■«««,  %•*’■* /}•>»  *,S1  Jte-’i  A  .** 

t<.C<»  o  c  •>  ?  «£>  o  ^  C  °*  °o  £0%  ;?<£#  tK*V  jcp^V^/^V  <?*'c®  K-**’  e*'^C’i.^^  *’  ^ 

vE-iCPLOSIVK  HAZARDS  CLASSIFICATION  TEST  SUMMARY 
—  jjATA  SHEET  <DSAR  8a20.1.  Chapter, 3) 

n-.>f  April  2,  197.3 

Sponsoring  Agency  :  Thiokol  Chemical  Corporation  -  Huntsville  Division.^ 

Contract  No.  ■  ^  FO ^  11 -72 -C -006 1  ,  „  , „;n, . 

;T.  St  Material  , Entity  .  Freeze ^DHed_UFAy  Dry  Powder - _ 

c  0mpo  sit  ion  R  .•  f.-ren  c  -  "  tH-Ii.  Appendix  B  Batch  No.  FDI-10A 

Date  Manufactured  ,  t>  / 2 3  /  7 2 — M  , ,  ,  .....i.  ^ 


Qi-tonation  Test  'L.a-'i  C'dumnj- 


No.-:?  Blasting  Cap  'Tost  4° 
-„  "  .  -  T-‘st  II 

’  Test  III 
Test  IV 


Exploded  burned  Fragmented 

Yes  No  Yes  No  YeS  No 

•  X  _U"  _  » _ -  ' - "JL- 

.’W -  —  -X- 


i(Tost  Series  flo.  .78 


. cnlt  ion  it-  l;  n.coni ind  Burning  Test 


Exploded  y’  •  Ayekge  Burning  Time 
Yes  Mg  Seconds 


:  S.ngle  Charge 
"  Single  Cl. a  r  pe 
r;  Four  Charges 


(Test  Series  No. 


Thermal  Stability  Test  (48  h:s.  (S  75°C)  'v  .  Change  In 

;•  Explosion  Ignition  Configuration 

Yes  No  1  Yes  No  Yes  No 

X  %  k  >0:  X ;0X  i:  ■ 

v-  ,  '  ,i  .  ,  ~  (  ■  (Shrunk) 

Card  Cap  Test-SOTo  Value  is  Neg.  @0  (No-  of  C“rds)  ' 


(Test  Series  No.  *4  _) 


Impact  Sensitivity  Test 


>  £)i  in  Math  ie sbn  Drop  Weight  Te  ste r 
E0  greater  than  25  0  Kgm  .  -  cm. 


Approved: 


Test  Supervisor  _ ^ 

Test  Department  Head 


As  signed  Classification 


DOT  Forbidden 
DOT  Restricted 
DOT  Class  A 
DOT  Class  B 


i  c  .  DOD  Approval 
Signature 


Organization 
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explosivf:  hazards  classification  test  summary 

OAT  A  SHEET  iDSAR  Hit  0,  1,  Chunter  it  . 

■  Date  ‘April  2 , 


Thioko!  C  h  vrn  i  c  a  1  C  orpor  .it  ion  -  Hunt  s  v  i  11  o  hi  vision 


Fluid  Energy  M i  1 1  od  U  FA'P  D r y  Povvd  o  r 
•  II -A,  Appendix  B  Batch  No .  E  F  E 1 1  -  3  i 


Test  Material  Identity 
CoM-.no  s  it  ion  R  .tVrence 


Detonation  T oet  (.Lead  Column) 


ignition  A-  Unronfined  Burning  Test 


F.xploded 
Y  os  No 


Thermal  Stability  Test  [48  hrs.  (3  75°C ) 


y'., Change  In 
Configuration 
Yes  No 


Explosion 

Yes  No 


(Shrunk) 


Impact  Sensitivity  Test 


Qlih  Mathiesonr  Drop  Weight  Tester 
E0  greater  than  £5  0  Kgrri .  -  cm. 


Test  Supervisor  y?--  i 
Test  Department  Head  /•_, 


Assigned  Classification 


DOD  Approval 


DOT  Forbidden 


DOT  Restricted 


Organization 
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vAVoA'  c  ‘f  ‘“‘vg’l  •c'pi°o  <•  ■0.“o/>J«o-ce 

\k:<I-M..OS1VF.  HAZARDS  CLASSIFICATION  TKHT  SUMMARY 
DATA  SHi:ET  iDSAK  8A20.  i,  'Chapter  31 

Date  April  i.  1973 

Sponsoring  AfiVnev  Thiokoi  Chemical  Corporation  -  Hunts’-U'..-  Division  _ 

(hint  r.ici  No.  ~~F.Q-4.Vl  1  -72 -C -006 1.  .  . 

■  T.  V.  v.-itonAl  identity  .vith  0 .  2'V  Silanox  101  . . . ^ 

s.liori  Reference  _ II-A,  Appendix  R  Hatch  No.  RFEM-H _ 

I'lto  V  irviiactiirid  ^  / 1  *./.  <2.  ,  .  .  .  .  ,  .■  i ,5  A, 


ivt,  nation  Tost  !  Head  Column ) 


Kxplo4t‘d  1  llurrtod  f  ragim-ntcd 

Yen  TMo  Yes  No  Y  .  s  No 


?;^jC  :  'O':  "■•  .  ..  *  ‘  O'  ..  ’  -'/V  ‘  ’V' 

N'y.  s  pl.t  sting  «JUp  1  .Jest  i  .  „  ‘  •  o-.V: 

„  ,  V-  Test  II  ;-X  1,  -  Vi 

OV|-0\  0  A  OOi'O''  S'^est  III  ■  x__  •  VaAS  .Ao/'A 

Ai"  'AA-c  A-  0  :■  >TVst  IV  '"A:  Av.:!  A 


Test  V 


'  a  x. 
_x. 

_  -JL- 


(Tost  Series' No*,’ 


Ivnition  ?.  I  ■  nednf »n<*  i  '.burning  Tost 


Exploded 
Yes  No 


Single  Charge 
Single  Charge 
Four  Charges 


Average  Burning  Time 
Seconds  '  V  *: 


ft  i 

(Test  Series  No.  "  ' 


Tin* rrnal  Stability  Test  148  hrs.  -'a  7n°C)  • 


'r.VJ  '-i-'.V  Change  In 

Explosion  Ignition  Configuration 

Yes  No  ;  Yes  No  a  '  Yes  No 


,  0 Vf’’- .it' 


Card  Gap  Tost--r>0',*<i  Value  is  8-10 


±_'' JL  :‘2L  _ 

;,y  v  (Shrunk) 

.  (No.  of  Cards) 


Impact  Sensitivity  Test 


■'daA  (Test  Series 'No.  7  )  ) 

■  r 1  ;t"*'  :  1,  •  '  v  >tj -.A  d  i'  v.  '-.P;,  :• 

Olin  AiathiosOnADi'o'p  Weight  Tester 
;E0  greater  than  25  0  Kgm  .  -  cm. 


Approved: 


Test  Supervisor  _ X  _ 

Test  Department  Head  /<_>-  ,  1 


A*e**s«r- 


Assigned  Classification 


DOT  Forbidden 
DOT  Restricted 


DOD  Approval 


DOT  Class  A 
DOT  Class  R 


Signature 


Organization 


TASK  V  -  SHIPPING 


'I'lie  explosive  hazards  test  results  from  Task  IV  were  assessed, 
were  tried,  a  UFAP  shipping  container  apd 
[is lied,  and  shipping  container  qualification  tests 


<!<“  s  eh  Is  i  t  i ::  at  ion  me  t  h  od  s 


packaging  method  establ| 
v.  run.  The  most  do 
o:  suftii.  ient  data  to  alio 
o!  .1  (  lass  B  explosives 
'•.event,  criteria  would  he 
products,  by  such  charn 
fuel  ratio)  or  particle  si 
*J  r  o  u  p  i  n  g  s  >  -  I  n  the  e  v  e  hi 
Ton  Id  not  he  obtained  evi) 
results ;  would  still  allow 
c  e. crept lv  specified  for  ul 


>t-8 


tv 


irable  goal  sought  in  this  task  was  the  development 
obtaining  from  DOT  and  DOD  a  ’’blanket"  approval 
tazard  shipping  C'lassificatibn  for  UFAP.  In  any 
established,  if  possible,  for  dividing  UFAP 
etc ri sties  as  composition  (e.g.  ,  oxidizer  to 
pe,  into  Class  A  and  Class  B  explosive  hazard 
that  a  Class  B  explosive  hazard  classification 
n  for  some  portion  of  UFAP  products,  the  test 
shipnient  of  UFAP'  in  lairgeT  quantities  than  those 
jntested  "laboratory  Samples.  "  ’ 


As  can  bc'seen  t  jom  the  test  Summary  Data  Sheets  in  Task  IV,  a  number 
of  conclusions  could  be  drawn  about  the  UFAP  materials  tested.  Using  the 
into  rpretation  criteria  of  paragraph  3-1 3  of  DSAR  $220.1,  hone  of  the  four 
m  iter  Sals  are  DOT"  Forbidden"  because  explosions,  burning,  %r  decomposition 
oi  the  samples'  did  nol  odce.r  in  the  thermal  stability  tests.  None  of  the  materials 
•  i  re  DOT  "Restricted"  because  the  ignition  and  unconfined  burning  tests  resulted 
m  simple  burning  only.  ^Designation  of  the  materials  as  DOT  Class  A  or  Class  B 
explosives,  however,  j becomes  somewhat  difficult,  as  there  is  no  separation 
n!  the  card  gap  test  results  from  the  lead  column  test  results.  None  of  the 
materials  required  70  capds  to  prevent  detonation,  however,  mbst  exhibited  ' 
positive  lead  column  test  results.  A  test  material  can  be  designated  Class 
‘  only  if  it  results  in  negative  lead  column  shots  and  has  a  card  gap  sensitivity' 
of  less  than  seventy  cardls.  Only  the  pure,  fluid  energy  milled  UFAP 
can  be  so  defined.  The  other  materials  gave  positive  results  in  the  lead  ' 
column  test,  neces sitating  a  Class  A  desighation. 

‘o  T'-Tst *'T  ITT  :'NfT M-.U.k’/if:' -vTe'T  v  :  ;<?■'  ■  ‘  T'T  ‘ 

:T'vy  T  '  -Ty  #T;; T'-;.- ; ;-yv.  ; 

A  series  of  tests  (was  run  in  which  varying  quantit  ies  of  Sorbeads , 

spherical  shaped  prills  of  fused  silica  gel,  were  blended  with  the  UFAP  products 
effcirt  a  desensitization.  These  tests,1  tabulated  in  Appendices  D  8t  K,  indicated 
.that  the  addition  of  as  little  as  10%  by  weight  of  Sorbeads  to  the  UFAP  products 
would  prevent  detonation  at  zero  cards  in  the  card  gap  test.  In  the  lead 
column  test,  the  percentage  of  Sorbeads  required  to  produce  negative  results 
varied  with  the  percent  of*  theoretical  material  density  (%  TMDl,  with  between 
25  and  35%  requ-red  for  hand-packed  samples,  and  between  10  and  25%  for 
loosely-filled  samples.  Although  anomalous  results  were  encountered  since 
a  calibration  card  gap  test  shot  without  any  Sorbeads  did  not  result  in  a 
positive  test,  a  level  of  30%  sorbeads  was  selected  tb  give  a  margin  1 


1 
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'  <t  “"t  o' A  V  ='4  i  f-'.  <?»#"  s  '“o”5  ?•’.  «•><*  ° 

O  O  V  otf  II  6  §'%"*  *<■'  f-f&C  <?«*'•  •  ••O'®  /  C  •  #C  -01?’ 


W  --  -  -  .  a  .  ~ 

r:  ckA-°  0  oi  o'  Vs>"  otf,oc«  o  o  °. 

.  >C  . 


i.r  .safety’.  These  ciosons  iti  /.ati  on  tost-'  wore  run  using 'the  ’’TAP  compositions 
showing  the  greatest  sensitivity  in  Task  IV  work.  Subsequent  tests,  discusser! 
Tiler  in  thi  s  t.\ sk.  'indicated  the  Sorbeiul  ailrlitibri  did  riot  desensitize  all  types 
'  '’AT1  materials.  ' -A  ,  '■  A  c;A,  f  .  •  ••  AA;,.  .A’A-A... 

The  ’tsr  oT  ooTbeads  ,i<  a  'desensitizing  diluent  lor  t:T‘AP  provided 
•  iC  .  el: !  i  t  i  ■  Vi'.'.i  1 ,  very  important  hi'  he  lit:  till'  Sor  bends  'Vui  i  htai  ne<!  <i  \  c l  )  ioV- 
relative  humidity  Mes  s'  th,in5")in  S  irle  The  sealed  storage  Containers'.'  there-  Ac 
by  -mini'i  i/inu  t!ie  tendency  for  the  pa  rtiele  si  ze  to  g  r<  iw  due  to  equili  b  rium 
r.  .1  dolity  efforts;  Although  other  desiccant  forms  might  provide  such  pro- 
ti'Vtii'n,  s.uli  as  the  bagged  charges  nFdosicCant  n or : Vi ...  1 1  y  plac  ed  in  AP  drums  o 
hyv\i:e  material  ma  nufaCtii  re  r  '  'hply  the  d  i  st  ri  hyitioii’or  dispersement  ol  the 
S  >*: : i ■ . * rj  1V;»-  material  throughout  the  UFAP  mass  would  effect  de sensitization 
t 1  i  ••  \nl  u  -  i  ve  A  ha  racte  ri  st  ics.  Although  unfused  desiccants  could  he  blended 
An  with  T  !'A  P,  ku-'h  hnate  rial  would  he  subject  to  particle  breakage  and  dusting,  u 
j.  i„u  m*i  out  ruination.  The  Sol- be. Yds  do  not  readily  break  and  do  not  sldi  u  b 
«  .  male  ri al  a s  dust/  T  he*  SorliVnds  are'also  screened  when  recoin  ed 

to  rco  .nc  any  that  Mill  passThrodgli  a  hnminaTo  n:esh  SC- reen  sieve.  They  can 
then  hi*  roadilv  removed  from  the  ITAP  with  a  1 0  mesh  screen  (or  smaller  A 
(ipi'n i eg ) ,  v  h fch.  is  normally  tVscSd  to  :ScreiTn  all  Ap.  materials  prior  to  incorpora - 
,-.t  iVA;  i  nto  la  rgr  Tifi xb  f'  propellant  hate  lies.  A  ;v.i  ■<  'V  .  A.  v.j  ... 

A  .  example  of  the  ■excellent  storage  stability  of  otherwise  unprotected 
UFAP  Can  lie  seen  in  Figure  20,  showing  the  particle  size  analysis  versus 
storage  tirive Of  a  .sample  of  fluid  enerW  milled  UFAP  stohed  with  30’  Soimads. 

. Trthle  2  3  also  give's  storage  stahil ity  data' for  freeze-dried  UFAP  materials”  A 
•si.i  led  With  30  at  fiorbeads.  ”  A,  '  ,  ’  ;  f  1 


;  A  numher  ol  lkctors  were  considered  during  selection  of  a  shipping 
i  ontainerflor  packaging”!' EAPFand  for  running  the  shipping  container  detonation 
Wests.  A  These  in  cl  uded  rdstand  avail  a  hi  1  ity  of  the  container  itself,  the  degree;'  f 
ol  protection  afforded  Ironi  the  outside  atmosphere  and  the  adequacy  of  the  sea1 
that  could  he  obtained,  the  degree  oi  eonfin'enient  the  container  wo u  1  d  provide' 
tri  tc.?  event  of  initiation‘s  .container  construction  specifications  already  approved 
lor  Class  A  or  Class  R  explosives)  ’  arid  the  ease  of  handling.  A  five  gallon 
■  steel  pail,  made  to  DOT  Specification  37A-60  for  single  trip  containers  (STC),  ■ 
was  ultimately  selected  as  the  beist  compromise.  ■■  Thi s  item  is  a  standard  shop 
pail  with  a  c ri mp-type ,  gaisket- sealed  lid  ant!  lifting  bail.  This  limits 
the  quantity  of  UFAP  that 'cab  be  packaged  per  container  (to  about  .10  lbs. 
maximum,  depending  on  bulk  density),  however,  it  is  still  much  better  than  the 
limits  imposed  on  l  aboratory  Samples  of  Unclassified,  Experimental  Explosives. 
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'Other  facets  which  were  considered  in  selection  of  ttie  five  gallon 

>'  container  r^atl^er  than  tf  :larBef  (Srie  were:  the  |arRef  the  ^"^a^tends 

,  '  ■■  iphre  in' ad  "  of  mate  rial  there  is  hhoVe  the  bottomlayer.  This  Head  tend 
,  eomo  »ct  the  material  beneath  it.  particularly  during  motion  or  handling, 
'4„.  eoul.l  not  only  increase"  the  chance  of  particle  size  growth  due  to  forced 
:  ! ■;  ‘t,ct  between  adiacent  particles.  but  could  increase  the  suscept.blhtj 
r. r i .d  to  V;et relation:  the  cost  and  availahility  of  an  adequate  .suppl>  pf. 
-rtible  t ' !  VP  test  mate  rials  for  the  detonation  tests  became  increasing  > 

'  .-^.rtant.  Although  the  UFAP  material  was  packaged  in 
eo-itamers.  a  number  of  such  containers  could  be  strapped  and  bundled  or 
"v  palletized  to  'allow  shipment  of  several  hundreds  of  pounds  of  material 

i-AbAabi'.  :AA..,''a  %■  ;':A  -AAyp 

:  •  i  1H.  paekagina  technique  which  has  developed  using  the  five  gallon 

„  ••  ,,is  e omp r i sed  the  tollowing  steps:  ,  .  .  A  * 

Blend  fresh  Sorbead  desiccant  into  the  UFAP  to  a  content  of  30% 
bv  weight  of  the  mixture."  y  '  f  ,t  .  ^ 

2.  Charge  the  UF AP/Sorbead  mixture  to  a  clean,  dry  conductive 
polyolefin  bag  and  seal  the  neck  with  tape.  . 

5.  insert  the  bagged  materia!  into  a  second  conductive  polyolefin 

baa  and  seal  the  neck  with  tape.  A  yyy.  .Ay  A  Ayy  .y  y 

A  4.  insert  the  doubly  bagged  material  into  the  5 -gallon  steel  paU.^ 

Po  :r  100  200  grams  of  Sorbead  desiccant  into  the  pail  on  top  of  the  bagged  y. 

■  :;rAn.  Place  the  lid  on  the  pail  and  crimp  the  securement  ears. 

Place  one  lapped  wrap  of  sealing  tape  over  the  Hd /pail  joint.  : 

6.  Label  pail  contents  appropriately,  on  the  lid  and  on  the  pail 


sri  ?gr2ss.‘=fs£^i!Kf»!v 

n.imbiApariicle  sue  grWtl,  ploblarns  and  to  ensure  the! Sorbead  ; 
moisture  capacity  is  not  exceeded.  ' 
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Since  t ho  recommended  storage  container  is  not  one  specifically 
approved  lor  Class  A  or  .Class  R  explosives  for  shipment  purposes,  as  noted 
in  DOT  regulations  for  the  Transportation  of  Explosives  and  Other  Dangerous 
Articles,  ITR  Title  49-Transportation,  specific  tests  were  performed  per 
Chapter  4  of  DSAR  8220.  1.  Tills  chapter  specifies  three  types  of  experimental 
tests  to  lie  performed  on  packaged  explosive  items  (other  than  finished  rocket 
"motors,  or  other devices  containing  solid  propellants') ,  for  assignment  of  shipping 
and  storage  classifications.  .  The  type  "A'1  detonation  test  determines  whether 
a  single  live  container  will  detonate  when  initiated.  The  type  "B"  detonation 
test  determines  whether  explosion  or  detonation  in  one  live  container 'will 
propagate  to  air  adjacent  live  container  and  cause  it  to  function.  The  type  "C"  d 
External  Heat  Test  dotermiries  Whether  the  material  will  undergo  a  detonation 
When  completely  enveloped  in  a  hot  fire.  The  specific  test  requirements  designated 
in  Section  4. Minimum  Test  Criteria  for  Bulk  Propellant,  of  Table  4,  of  Chapter 
4  of  DSAR  S220.  1,  were  selected  for  -evaluating  HEAP  in  the  designated  shipping 
•  container  packages'.  M  v : f-'dvy-f  -f 


i'  Procedures  used  to  prepare  and  complete  the  tests  are  given  in  Appendix 
A.  As  carrbe  noted,  detonation  wave  sensors  consist  irig  ol  lengths'  of  detonating 
Primacord,  one  end  bur:ed  in  the  U E A P  and  the  other  running  to  a  lead  witness 
plate,  were  installed  in  each  of  the  live  containers  in  the  Type  A  and  Type  B 
tests.  Six  Type  A  tests,  'and  one  'each  Type  B  and  Type  C,  Were  run. 

■■  Ti/E/TE  MyE/y  .A" V? ^ ".iC: ^ "riiA’ i'lTf--:' ^ CO-  A  '  '(/■:%■=  r-  C  A:  A 

*  o'  c.!  It  has  been  hoped  that  the  fluid  ene  rgy  milled  UFAP  would  be  of  ::  :  ■ 

the  same  degree  of  explo si ve  s etVSit i vity  as  the  other  types  of  products, 
and  therefore  usable  'as  a  low  cost  test  material.  However,  this 'mate  rial 
Was'  considerably  less  sensitive  than  the  SWECO-ground  or  freeze-dried 
materials.  Additional  card  gap  tests  were  riin  on  SWECO  dry  powder 
containing  one  percent  coating  agent  (Test  Series  108)  to  see  if  it  were 
more'  sensitive  than  the  usual  material  containing  only  0.  4%  coating.  The  ;  : 

Results  indicated  little  or  rto  difference.  Card  gap  and  lead  column  tests  ; 
W'ere  run  on  samples  of  freeze-dried  material  of. the  same  formulation  vised 
in  the  large  sublimator  batches,  (approximately  96%  AP  and  4%  emulsifier  /  , 
coating  agents).  Card  gap  tests  were  all  negative  at  zero  cards  until  the 
test  material  was  packed  into  the  tubes  to  abnormally  high  %  TMD  levels 
(see  Test  Series  105,  Appendix  D).  Lead  column  tests  run  at  low  (loose- 
filled)  density1  Without  Sorbeads  were  positive.  Positive  results  were  also 
obtained  when  30%  Sorbeads  (which  had  been  sufficient  to  desensitize  the  ! 

SWECO  ground  composition)  were  used.  Additional  lead  column  tests  were 
run  in  which  the  sample  geometry,  the  Sorbead  content,  and  the  %  TMD  were 
varied,  and  all  were  positive,  even  when  the  Sorbead  content  was  raised  to 
50%.  Since  this  material  was  not  desensitized  by  the  addition  of  Sorbeads, 
preventing  it  from  being  classified  a  Class  B  explosive  hazard  per  the 
Chapter  3,  DSAR  8220.  1,  tests,  it  nevertheless  was  a  suitable  material 
for  the  shipping  container  tests.  The  test  results  are  contained  in  Table  24, 
and  photographs  of  the  test  sites  before  and  after  the  tests  as  well  as  of 
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significant  after-teSt  recovered  components,  are  given  on  Figures  21 
th  rough  -§2 It  should  be  evident  from  the  data  and  photographs  that  none 
of. the  samples  detonated,  although  all,  or  nearly  all,  exhibited’  pressure- 
hurst  type  explosions .  With  the  exception  of  the  special  Type  \  test, 

.using  SW  F.OO-;:  round  UFAP  (Test  Series  113),  all  pf  the  tests  resulted 
in  essentially  complete  consumption  of  the  UFAP  test  material.  Com  par - 
’•si on  o!  the  results  obtained  from  the  single  Type  A  test  made  with  SWF.CO 
•round  UFA P  with  those  made  with  the  freeze-dried  material  visibly  con-1 
firm  that  the  freezer  dried  material  is  rrtdre  explosive  of  the  two,  as 'pre¬ 
dicted  In-  lead  column  tests .  Consequently,  conclusions  draWn  f  rom  the 
tests  on  ireezc-dried  UFAP  can  be  applied  to  less  sensitive  material. 

'./■■■Cl  ■'  ’•'■■■  ■■  •  t  I-'"-  .  v,  /Vy-..-  a;.'-.  ’•  -  ■-  ;  ; 

"  .  r  -  'r>  ■  -•)•.  ...  •  >;.  •.>.:••  :S\  ■  •  -  •  -  •  '  >:r  •.  '  ■.  •  -•’1  .  •  '  ,r' 

Since  none  of  the  Type  A  tests  resulted  in  detonations  ,  there  was 
some  question  whether  the  Type  B  test  was  even  needed;  however,  it  was 
run'  to 'see  if  the  combustion /explosion  reaction  would  cause  adjacent  con- 
•  tamers  to  function  f;  Since  the  acceptor  charge  exploded  several  feet  above 
ground,  and  at  leaiSt  a  finite  time  after  the  donor  charge*  was  initiated,  it 
is  theorized  that 'the  acceptor  container  was  thrown  into  the  air,  and  proba- 
.hly /partly opened up ,';When  the  donor  was  exploded.  As  it  fell  back  to  / 

•va  rth  ;UFA P  spill ing''oUt  caught  fire  add  the1  flame  propagated  back  up  Tv 
into  the  falling  container ,  causing  the  remaining  material  to  explode  . 


i  .  The  container  'ruptures  that  occurred  in  the  Type  C  external  heat 
tests'  ct>uld  possibly  have  occurred  from  any  of  several  mechanisms . 

Since  the  lids  frotit  all  the  containers  were  bowed  upwards  internally ,  it 
is  obvious  that  they  were  blown  off  by  internal  pressure  insidethe  con¬ 
tainers  y  Whether  the  pressure  came  from  expansion  of  the  air  inside  the 
..containers  or  from  decomposition  of  some  of  the  UFAP  from' "cooking  off'’ 
is  unknown .  Since  the  container  bottoms  and  side  walls  were  not  signifi¬ 
cantly  damaged  by  the  explosions  (as  evidenced  by  lack  of  rupture  and  ■ 
.only  slight  bulging  of  the  bottoms),  one  explanation  is  that  air  expansion  , 
and  / or  "cook-off"  decomposition  of  some  of  the  UFAP  blew  the  lids  off  i  - 
.as  well  as  expelling  rriost  of  the  remaining  UFAP  as  a  cloud.  The  cloud 
■then' ignited  and  exploded  in  the  air,  causing  the  mild  reports' heard  hy  -'T? 
the  observers.  Regardless  Of  the  mechanism  involved  in  the  actual  test, 
the  most  important  result  was  that  no  detonation  occurred  .  ;  >////• 
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Because  of  the  anomalous  results,  difficulties  are  encountered 
in  interpreting  the  results  and  applying  classifications.  For  example, 
the  shipping  container  tests  indicate  that  UFAP,  even  the  most  sensitive 
material  by  other  tests,  when  packaged  by  the  prescribed  procedure, 
should  be  assigned  an  DOT  Class  B  Explosive  hazard  rating.  Lead  column 
tests,  however,  indicate  the  mate  rial  should  be  expected  to  detonate, 
warranting  a  Class  A  designation.  Card  gap  tests,  using  booster  charges 
and  no  attenuation  gap  indicate  the  material  is  not  detonable,  unless  highly 
compressed,  but  that  it  does  tindergb  energetic  chemical  reaction,  as  ■ 
evidenced  by  w’tness  plate  deformation.  The  following  theory  is  offered 
to  explain  some  of  the  anomalous  results:  the  Critical  factor ‘in  the  • ,» 

sensitivity  of  a  CJFAP  product  is  the  ratio  of  oxidizer  to  fuel.  Pure  AP, 
such  as  fluid  energy  milled  material  otherwise  uncontaminated  with 
combustible  materials  would  therefore  be  the  least  sensitive.  As  the  ' 
content  of  combustibles  (coating  agents  for  instance )  is  increased,  the 
sensitivity  increases" due  to  the  g'reater  degree  of  complete  combustion. 
When  the  fuel  content  gets  above  some  level  between  one  and  four  percent 
of  the  mixture,  the  sensitivity  is  great  enough  that  solid  diluents  such  as 
Sorbeads  can  no  longer  suppress  the  rate  of  Combustion  of  the  properly 
initiated  material  to  prevent  mushrooming  of  a  lead  witness  column . 

The  combustion  reaction  is  not  of  sufficient  velocity,  however,  even  ; 
withoii't  any  Sorbeads,  to  punch  a  card  gap  witness  plate  unless  the  s ample 
density  is  comparatively  high.  ■  ■  ;  \  ;  r  /' 

]>■■■;.!<  -  i-'  •.  ::Ty  Vi  C  ■  W  ■$ 

Assuming  the  above  concept  to  be  true,  two  possible  conclusions 

can  be  reached:  one,  based  on  the  shipping  container  tests  alone,  all  the 
UFAP  dry  powder  materials  tested  in  this  program  should  be  designated 
Class  B  explosive  hazards  when  packaged  per  the  procedure;  or,  two,  based 
on  lead  column  tests  and  the  shipping  container  tests,  UFAP  dry  powder 
products  containing  some  threshhold,  or  lower,  should  be  designated  Class 
B  explosive  hazards  when  packaged  per  the  procedure,  while  all  other  . 

materials  should  be  assumed  Class  A  explosive  hazards  unless  proven  by 
otherwise  testing.  Final  hazards  classification  assignment  must  be  made 
by  DOT  and/or  the  cognizant  DOD  agency.  „  ■'«  X;  Jf  i  '  ,  ;  ;ii  “  (■ 


STORAGE  STABILITY,  DATA  FOR  FREEZE  -DRIED  UFAP 
STORED  WITH  SORB  EADS  ~ 
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When  first  removed  from  freeze-drying  sublimator.  Material  immediately  sealed  in  5-cal 

pails  and  stored  in  deep-freeze  until  11/21/72, 

Sample  removed  on  11/21/72  just  before  Sorbeads  added. 


TABLE  24 


TABLE  24  (continued) 


Particle 

'vficrons 


Nominal  i.  7  Micron  A P  (Grind  EFEM-49)«  Stored 
at  Ambient  Temperature  in  Sealed  Half-Gallon  Jars 
with  30%  Sorbeads  >  •  1  -  (  '  " 
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Palletized  Test,  Assenibty 


Conductive  Plastic  Weather  Shield  Over  Palletized 
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Figure  23.  Test  Site,  Looking  North.  After  lnitiation,  First  Type  A  Test 
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Figure  24.  Test  Site,  Looking  East,  After  Initiation,  First  Type  A  Test 


Immediate  Areaof  TestSiteAfter  Initiati'':* ,  Showing 
Unreacted"  Primacord,  First  Type  A  Test 
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Palletized  Test  Assembly,  Second  Type  A  Test 
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Figure  28.  Test  Site,  Looking  East,  After  Initiation ,  Second 
•„>..-  .  Type  A  Test  ,.  -.  -  ~.,j. 


Figure  29.  Parts  Of  tIFAP  Container  found  After  Test,  Prixnacord  / 
Witness  Plate,  and  Other  Debris ,  Second  Type  A  Test 
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Parts  of  UFAP  Container  Four*’  After  Test;  Pruna cord? 
Witness  Plate  and  Other  De'.  -  is  ;  Third  Type  A  Test 
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Palletized  Test  Assembly  and  Sandbags  Protecting 
Primacord  and  Witness  Plate,  Fourth  Type  A  Test 
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Parts  of  UFAP  Container  Found  After  Test,  with 
Primacord /Witness  Plate  and  Other  Oebris?  Fourth  Type 


Figure  37 Palletized  Test  Assembly,  Special  Type  A  test 
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Undisturbed  View  of  Top  of  Test  Assembly  After  Initiation 
Unconsumed  UFAP  and  Sorbeads  Covering  Tops  of  Sand- 
Filled  Containers,  Special  Type  A  Test 


Figure  40.  View  of  UFAP  Container  in  Center  of  Bottom  Layer  of 
Containers  (two  sand-filled  containers  removed  from  - 
upper  layer).  Special  Type  A  Test 
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ither  Debris  (note  undamaged  label  on  container 
Type  A  Test  -%r -V: 


Palletized  Test  Assembly  Looking  East,  Primacord  coming 
from  donor  (initiated)  UFAP  Container,  Type  B  Test  •, 


mm 


Figure  47 .  Farts  of  UFAP  Containers  After  Test,  Primacord /Witness 
Plates  and  other  Debris,  Acceptor  Container  on  left.  Donor 
,  -  on  right  ,  Type  B  Test 


igure  48.  Test  Assembly  of  Bundled  Containers  on  Top  of  Crib  Filled 
with  Lumber  and  Sawdust,  Crib  Saturated  with  tiiesel  Fuel, 
Looking  North-West,  Type  C  Test 


st  Assembly, Looking  North,  Type  C  Test 


50.  Test  Site  (after  burning  had  ceased),  Looking  East,  Lids 
and  Black  Plastic  Liners  Scattered  over  Area  to  Right, 
Type  C.  Test  i  V. 


Figure  52,  Two  Container  Lids ,  With  Still  Legible  Labels  and  Tape-Sealed  Necks 
of  Plastic  Bag  Liners,  After  Test,  Type  C  Test 


TASK  VI  -  UFAP  BALLISTICS 


The  primary  objective  of  this  task  waii*  to  determine  that  AP  size 
distribution  parameter  which  is  best  correlated  with  burn  rate  of 
propellants  containing  UFAP,  1*1  addition,  assessment  of  the  ballistic 
reproducibility  from  Tot  to  lot"  and  "Within  lefts'*' for  pfropellants  containing 
UFAP  will  be  made.  Of  further  interest  Was  a  determination  of  the  effect  of 
UFAP  age  and  storage  conditions  upoh.  the' ballistics  of  propellants 
■containing  UFAP.  ,  ,  ‘  1  1  (  1 

In  order  to  ascertain  that  AP  siise  "distribution  describing  parameter" 

-  which  best  cor  relates  with  the  burn  rate  of  UFAP  containing  propellants,  13 
blends  were  selected  for  characterization.  These  13  blends  were  made 
from  five  different  particle  sized  AP.  These  size  fractions  were  0.  6 
micron  (SWECO  ground),  1.6  micron  (SWECO  ground),  1. 9  micron  (fluid  energy 
milled),  5.2  micron  (fluid  energy  milled),  and  16  micron.  The  blend 
compositions' are  shown  in  Table  25.  Note  that  the  first  four  bimodals  all  • 
contain  50%  of  the  0.6  micron  material  in  conjunction  with  50%  of  each 
of  the  other  sizes.  Similarly  the  next  four  bimodal  blends  all  contain  75% 
of  these  0.  6  micron  materials.  The  trimodals  contain  equal  amounts  of 
each  fraction.  The  0.  6  u  and  1,0  ufractions  were  coated  With  0.4%  HX-868.  . 

-<•  N-'-- u4:- ' : :v- 

The  surface  areas  and  particle  sizes  were  measured  on  each  of 
these  13  blends.  "The  surface  area  was  measured  by  Krypton  absorption 
‘  and  particle  size  was  measured  by  the  MSA  technique.  From  these  two  5 
data  points,  a  series  of  "reproducibility  factors"  were  calculated  on  the 
computer  for  each  of  the  1 3  blends.  Among  these  "reproducibility  factors" 
are  the  average  mean  diameter  ,  the  mean  surface  diameter,  the  linear  me£n 
diameter,  etc.  The  values  for  these  ''reproducibility  factors"  are  shown 
in  Table  26/  In  order  to  dete rmine  which  of  these  "reproducibility  factors" 
best  correlates  with  burn  rate,  a  series  of  13  mixes  was  manufactured  with  each 
one  of  the  aforementioned  blends.  The  HTPB  mix  data  is  shown  in  Table  27.  . 

In  addition,  each  of  the  mixes  was  manufactured  with  1%  iron  oxide  incorpo¬ 
rated  in  order  to  determine  if  the  presence  of  a  catalyst  changed  the  correlation. 
These  daiv are  shown  in  Table  27.  .  ‘ 

Following  clire,  the  burn  rates  were  determined  for  each  of  the  26 
mixes  (Table  28).  The  expected  general  trend  of  increasing  burn  rate  with 
increased  surface  area  or  decreased  size  is  apparent  in  uncatalyzed 
formulations,  except  in  those  formulations  containing  high  concentrations 
of  the  smaller  size  fractions,  (e.  g. .  the  lower  than  expected  burn  rates 
in  formulations  1,  5,  and  9).  The  catalyzed  propellants  exhibit  the  same 
general  trend  (formulations  6  and  9).  '  .The  most  plausible  explanation  for 

these  observations  is  a  lack  of  good  dispersion  Of  the  UFAP  in  these 
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Viscosity  (Kp)  \-r  V;  ",  "  ; 

IKp)  20  10  6  4  41  *’  '  '  f  18(5: 


ln!.  desired  hiy.h  viscosity  wasS  'not  achieved.  The  va r i anev  in  burn  rates 
n  rob  ably  result  s  from  non-reproducible  dispersion  of  the  LI-AP.  owever. 

are  not  available  to  indicate  how  completely  the  UFA  1 3  was  dispersed, 

,1  ,s  postulated  that  lack  of  complete  dispersion  of  the  1JFAP  is  a  major 
o!;st.icl«-  to  effective  utilization  of  UFAP.  b  .  • 

At , e”  pt s  at  correlating  this  burn s'rate  data  w.th  the  reproducibility  £ 
''actor  led  to  sum*  anomaldtis  hesuUsV.  the  dnly  factors  with  which  the  -  ; 

burn  rate  could  be  correlated  were  the  weight  mean  diameter,  the  surface 
r  ,  ,n  diameter,  and  the  specific  Stirface  area.  The  correlation  of  burn 
•rotbwith  wlui-ht  iticari  di'amdte r  in'  fhe  Uncataly^ed  propellants  iS  shown  in  ,jr 
Fi iii rc  5o.  A  similar  correlation  for  l'*:  iron  oxide  catalyst  propellants  is  ; 
shown  ik  Figure  5-1.  The*  expected  trend  of  increasing  burn  rate  with 
live  re.is  i  ng  diameter  is  shown.  >  .  A  .by .  y-'  \r  *  m, 

!  A  simple  cor  relation  of  all  the  data  was  not  possible  and  if  the 
data  evtfre  divided  into  families  based  upon  Content  of  the  0.  6  micron  . 

fraction,  then  reasonable  correlation  could  be  obtained.  The  lack  o 

pa rallelism  in  the  family  data  for  catalyzed  propellant  indicates  poor  . 
correlation  with  WMD.  The  fact  that  the  burn  rate  tends  to  decrease  at 
sniall  values  of  WMD  is  projected  tb  result  from  a  lack  of  dispersion  o 

the  small  AP.:  .j  ■ ; :;F  -mfu ,  S:  '  ;y 

Figures* 55  and  56  show  the  correlation  of  burn  rate  with  surface 
mean  diameter  in  both  the  catalyzed  and  uncatalyzed  systems  The  general 
shapes  cf  the  curves  are  similar  but  the  direction  in  surface; mean  diameter 
one  must  take  to  obtain  higher  burn  rates  is  not0  evident. 

The  cor  relation  of  surface  area  with  burn  rate  is  shown  in  Figures  57 
and  58.  Quite  good  correlation  is  obtained  within  th.^dividual  b.modad^nd 
trimodal  families.  A  surprising  result  from  Figure  57  is  that  as  the  S'uhc 
area  increases,  the  burn  rate  increases  and  then  decreases.  Such  is  not 
apparent  in  the  catalyzed  propellant  (Figure  58).  Either  better  dispersion 
has  been  obtained  in  the  catalyzed  propellant  or  else  the  presence  of 
catalyst  compensates  for  the  lack  of  dispersion.  A  mechanism  for 
the  latter  is  unclear.  r  t 

In  order  to  determine  the  burn  rate  reproducibility  of  propellants  con¬ 
taining  UFAP,  a  series  of  84"o  total  solids  (non-catalyzed)  propellants  were 
manufactured.  The  oxidizer  blend  (68-7.)  was  made  up  of  0.65  micron 


Correlation  of  Burn  Rate  With  Weight  Mean  Diameter 
(Uncatalyzed) 


?■ 


\ 


elation  of  Burn  Rate  with  Surface  Mean  Biahicte 


SVi'ECO  milled  oxidizer  and  a  fluid  energy  milled  'fraction  cxliibiting  a  size  of 

1  micron.  In  order  to  lest  the  within  lot"  reprd'ducibilily,  throe  mixes 
v.  ere  nt.inufaelu  red  with  lot  VMA-93  UFAP.  These  mixes  were'  made  one 
e  e ’<  a  ha' r  t  and  the  st  rand  hvtrnint’  rates  shown  in  Table'  29  illustrates 
•:<iod  rep  rndui  ibil  it  y ,  A';'/’  ■ 

In  nrar-  tii‘  dete  r'mine  the  reproducibility  front  ope  UFA!5  lot  to  another, 
iav.  •  lot  -  of  S  \V  FfO  Oxidizer  were  utilized  to  manufacture  the  84''  total  Solids 
;  n  j>'o  jv  •  i  |  a  nt>  There  was  a  slight  variance  (within  experimental  error!  in  the 
particle  size  fo r  those  Vivo  lots .  '  The  burn  rates,  as  shown  in  Table  29,  were 

.'cable-'  reproducible."'  V;  T  '  T  '-  'Tb'  je'  ;.':zT'Vv.'V  ?T'; 

.  :  '*  ’  '  ''  /  ''  V  •’  '■■■"■-•  ■  ■  $r*\  ;'/■  ■  '  "  V  :• 

daiiil-ir  formulations Were  manufactured  with  S1VECO  milled  oxidizer 
And  ennilsioh  freeze-dried  oxidizer  to  determine  if  .burn  rate  differences 
existed  between  twb  different  types  of  UFAP.  These  mixes  are  shown  in 
■T.inlcVO.  ^Although'  the- total  solids  in  each  mix  are  the  same,  the  trhixes" 
m.ide  'with  S\V  ECO  oxidizer  contained  niorc  AP  due'  to  the  difficulty  of 
process in.tr  feii spe r sing)  the  freeze-dried  materials .  .•  Differences  in  end- 
.of-mix  viscosity  and  burn  ratesWerc  demonstrated.  \  The  burn  rate 
diffe rencCS'  cati  probably  be  ascribed  to  the  lower  oxidizer  concentration.  : 

[  he Viscosity  differences  can  probably  be  ascribed  to  difficulty  in  dispersin'’ 
the  l  reeze  -dried  UFAP  ora  diffe  re  nee  in  the  "ease  of  wetting  of  the  freeze- 
dried  AP.by  the  polymer.  ’  ‘  .  ■  . .  ,  a  ■-  .  .  ••  :  \  ;■  -  ■ 

■  :  .7 i- -v.'  .  -ir-'-  0;  .  \>  .  "  '  •.  .1 

./  ,  .  »•  v/-\  .  .  ;  ,  ,p,  „  •  »  s ‘w  w  -  ;  ■. ,  ,  ■  ?  ./ 

;  ‘  Studies’ were  Conducted  16  determine  if  the'hunudity  under  which  the 

UFAP  is  stored  has  ah  effect  on  propellant  processing  and  burn’ 'rate.  Four 
blends  (two  bimodal  and  two  tnmodall  were  selected  for  manufacture.  Mixes' 
w e re  it. a ri uf a rtu red  with  each  of  these  blehds  following  oxidizer  preparation,  j 
folloAt’inp,- ^  exposure  to':;l0%  huniiHity -for  one  week  and  following  exposure  to 
5f)T  RTI  for  one  week.  In  each  case,  slight  decreases  in  burn  rate  we  re  . 
apparent  with  exposure  to  increasing  relative  humidity  (Table  311.  Of  even  4 
greater  significance  is  the  increase  in  end-of-rhix  viscosity  that  occurs' 

When  the  oxidizer  is  exposed  to  the  relatively  high  humidity.-  W-  --  ,  1 
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TABLE  30 


COMPARISON  FORME  RATIONS 


SWEOO  F rof'Zf  Dried 


r.  p--A:  ■.\o-.:3pvipdi 

13;  5 

13,7 

DO  A  ; 

'  1.0  ;  ; 

Lecithin  .  lL-IT' ':;L  v  yD:--;. 

0.2 

l'i’'0;  ■  . 

i/0 

■  1,  0  ‘ 

A!  ii’.v.  ir.'iin  (-33  vnicfonl 

16.0 

;:M-  ';M8§o':!; 

APjEFAP) 

■30.0 

30. 0 

•A!’  i  KT.VP  ( 1  78  rmeronl 

18.0 

C 4- ,LM6|o'- X 

4'  PAP  Coat  in  e  Aeent  / 

oc 

=z\c 
x> ; 

Nopcaeen  16  1  DOA  0 

,iC  jatihe  At;ent  Concent  ration 

0.  4 

i  Z".  8 

'  *  .'l  .  ’  ’  V  .  ■  *  vNy.’B  *  A**  *  *  .  '  •'  .  .  .*  *  * 

Particle  Size  •  D  ^  \ ,  -  / 

0.  55 

End  of  Mix  \riscosity,  Kp*'  •.  :4-;- 

M'T:  ^  ;■  ■■ 

X.  i  VvliM. 

v?- f: Z. $ 'f  '-: C T' V  •  4 .4  ALL  'Dr 

Burn  Rate  at  1000  psi  (in /sec) 

- 

v  oc 
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TASK  VII  -  U FA P  PROCESSING 


I  lie  obrecti  ye  ot  this  effort  is  to  define,  through  utilization  of 
•\  -  ttMsiiv  response  pints,  those  formulation  regimes  (oxidizer  sizes  and 
•  A’  rioui  iiiivs  1. which  exhibit  lowest  viscosity  at  maximum  burn  rate.  In 
to  encompass  a;  \\  idr-  range  of  oxidizer  distributions,  five different 
ox.c./er  sizes  were  selected  fbr  this  study:  .0,  6,  T.  0,  Z.  5-3.0,  6.0,  and 
I1  .  o  microns.  Oelv  the  0.  ti  rnic  roii  and  the  1.0  m  i  c  roc,  S\V  E  CO  -  g  ron  nd 
ox  id  .  z.  e  r  s  co  nt  a  i  n  <•  oat  i  lie.  a  a  eni  f  1 1 X  -  8f  >  8 ),  prom  these  five  oxidizer  sizes, 
iv. >  tnmodal  blends  aid  three  bintodal  blends  \Vo  re  .selected  for  evaluation; 
These. blends  are  as  follows  :  ...  yd  “  i  ^ W  V Apd 


V. 

-  0.  lv. 
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i ,  ■) 

;  c  • 

0.6, 

4.f8  6 

;,V  ;  d. 

l.p, 

OC 

'T- 

i' 

‘  l.  n- 

1.0 

Mixes  we  re  manufactured  at  seven  different  composition  points'  in  the 
standard  viscosity  response  configuration  Wnd  lines  of  constant  viscos'ity  . 
we  re  computed.*  low  tote  1  solids  propellant  was  selected  since,  for  the?  * 
purposed  -of.  preparing  visiebsity  response  plots ,  ft  is  necessary'  that  each 
of  the  .seven  mixes 'exhibit  a  -rhoderate  'viscosity';  .This  can ’only  be  adcom- 
pn-hdd  with  a  low  total  solids  propellant.  In  order  to  optimize  particle  z  , 
size  distribution  of  the  UFAP  fractions  ,■  ViscotSity  .response  plots  were  pre¬ 
pared  lor  five  different  oxidizer  size  blends.  Three  bimodal  and  two  tri-  d 
rnbdal  tlistribut  ions  \vere '  initially  evaluated  with  ultrafind  oxidizer  -and  fluid  ■ 
energy' milled  Oxidizdr  ais  normally  prepared  in  the  plant. "  Seven  one -pint' 
mixes 'were  manufactured  foi'  daih  of  the  bimodal  and  trimodal  blends  .  : 
"Fv>r'iTie,'.'t'rim';&^al:Me'ncls'y''coiTip'o'sitiorts  for  mix  manufacture  were  selected  y 
at  the  triangular'  maitrix  'points  prescribed  for  viscosity  response  plots;  In  A 
bimodal  blends,  aluminum  powder  concentration  would  normally  be  the 
third  'Variable  .  Howevc  r ,  the  aUirr.inum  concentration  was  maintained  con-  d. 
stant  and ,  th  ref  ore  ,  seven  rriixes  wefe 'manufactured  at  composition  points  ’ 
along  a  constant  aluminum  concentration  line.  '  The  composition  used  for  -  ; 

all  mixes' manufactured  was  7  0%  ammonium  perchlorate',  -  10%  aluminum  ’ 
powder  f  25  micron ),  and  20%  HTPB  binder.  The  oxidizer  distributions  for 
each  of  the  35  propellant  mixes  as  well  as  the  end-of-mix  Viscosities  for  each 
mix  arc  shown  in  Table  32 .  The  five  oxidizer  blends  are  listed  as  Blends  A, 
B,  C,  D  and  E .  A  triangular  representation  of  the  composition  points  as 
well  as  the  end-of-mix  viscosities  for  each  of  these  blends  are  shown  on 
Figures  ^9  through  63.  Blend  A,  a  mixture  bf  0.6,  1.9,  and  16  micron 
gives  a  variety  of  viscosities  ranging  from  1  .5  to  160  Kp.  Blends  B  and  C 
are  bimodall  in  nature  and  the  viscosities  were  measured  at  composition 
points  along  a  constant  aluminum  binder  concentration  line.  Blend  D,  a 


1  .  The  surface  response  technique  is  described  in  Appendix  E. 
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Figure  61.  Viscosities  of  Blend  "<j"  (0.6  and  4.8|»  AP) 


trimodal  of  0.6,  1.0  and  4.8  ammonium  pe  rchlorate  had  a  moderately  wide 
range  of  viscosities  .  Blend  E  is  a  bimodal  of  1 .0  and  1 .9  micron.  End- of - 
mix  viscosities  resulting  from  seven  mixes  manufactured  along  a  constant 

aluminum-binder  concentration  line  ate  shown  on  Figure  63. 

■  :  ■'  H  1  ’•  '  r 

k  jiV.  ■  '  '  ..  ;  \  “j  :  4  •'  ,  _ .  V  \  W’'  V;.'  ’’  ' 

Viscosity- response  plots  were  prepa  red  by  tne  computer  plotter  for 
Blends  A  and  D,  the  two  trimodal  blends.  The  viscosity  response  plot  for 
Blend  A  is  shown  on  Figure  64.  These  data  show  that  a  wide  area  of  low 
viscosity  formulations  is  available.  Apparently;  there  is  too  little  difference 
in  the  viscosities  measured  as  the  seven  prescribed  composition  points  to 
permit  a ‘more  meaningful  plot  to  be  prepared.  The  viscosity  response  for 
Blend  D,  the  trimodal  of  0.6,  1.0,  and  4.8  microti,  is  shown  cm  Figure  65 . 
These  data  show  that  the  normally  expected  regime  of  formulation  interest 
(approximately  one-third  of  each  size  fraction)  appears  in  this  case  to  be  a 
composition  of  moderately  high  viscosity  and  two  areas  of  formulation 
interest  which  give  very  low  viscosities  dol  exist .  These  areas  are  composi¬ 
tions  containing  high  concentrations  of  O.bjmicron  ammonium  peirchlorate  and 

ron  ammonium  per- 
of  the  largest  size 
cosities.  It  is  specu¬ 
lated  that  this  can  be  attributed  to  the  fict (that  there  is  no  coating  agent  on 
the  4.8  micron  material  wherieat  both  the  0.6  micron  and  the  1.0  micron 
oxidizer  contain  an  aziridine  coating  agent! which ,  apparently,  promotes  i 

wetting  by  the  binder.’  ,  .  V  '  j  - 

!■  „  ■•'•••  rS'  V  i:  •  v'v  S  ;*vCv' :.r  'V;  .  V  V V.r-Y ",  v. i-  £ 

As  described  earlier.  Blend  A,  a  trimodal  of  0.6  micron,  1  .9  micron, 
and  16  micron  AP,  exhibited  viscosities  in  an  80%  total  solids  propellant 
that  were  too  low  for  meaningful  interpretation  of  the  viscosity  response  plot. 
In  order  to  better  define  the  areas  of  minimum  viscosity,  the  seven  mixes 
required  for  a  viscosity  response  plot  were  manufactured  in  an  84%  total 
solids  propellant  which  contained  74%  AP  and  10%  aluminum  in  IITPB. 
Viscosities  for  this  formulation  are  shown  on  Figure  66  and  the  viscosity 
response  plot  exhibited  on  Figure  67.  The  overall  shape  of  the  response 
curves  is  similai  to  that  noted  with  the  80%  total  solids  but  better  defined . 

The  formulation  areas  for  minimum  viscosity  are  readily  apparent. 

By  increasing  the  total  sclids  to  86%  (74%  AP  and  12%  aluminum),  a 
distinct  difference  in  the  viscosity  response  plots  was  obtained  (Figure  68). 
The  viscosities  for  the  required  seven  mixes  are  also  shown  on  Figure  68. 

The  area  of  minimum  viscosity  would  be  a  formulation  containing  high  con¬ 
centration  j  of  the  0.6  micron  (HX-868  coated)  AP  and  low  concentrations  of 
the  two  uncoated  oxidizer  fractions  .  The  difference  ir.  the  shape  of  the  curve 
can  be  attributed  to  changing  the  aluminum  concentration  but  a  more  likely 
explanation  is  the  fact  that  at  high  total  solids,  the  uncoated  fractions  are 
difficult  to  disperse  and  the  HX-868  coated  SWECO  ground  fraction  disperses 
extremely  well .  v 


compositions  containing  high  concentrations  of  1  .0  mic 
chlorate  .  Compositions  containing  high  concentrations 
fraction  (4.8  micron)  result  in  quite  high  propellant  vis 
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VISCOSITY  RESPONSE  PLOT 


Figure  64.  -Viscosity  Response  Plot  for  Blend  "A1 
(0.6,  1.  7,  arid  16  p  AP) 
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Figure  65.  Viscosity  Response 
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Figure  67.  Viscosity  Response  Plot  for  84%  Total  Solids  Blend  "A" 
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figure  68.  Viscosity  Response  Plot  for  8i°/f-.Total  Solids  Blend  "A 


A  ,j,nil,r  Mwib  pi*  r  lor  mod  on  Blend  "D  '  by  Im  roasin.-  Ihc  total  solids 
,, Tbf  resulting  viscosity  response  plot  is  shown  in  Figure.^.  1  ho  plot 
„.,iy  at,-s  one  am. a  of  low  fonmtlation  vis.  osity  And  that  point  is  Inch 

.  .-at  ion'  of  the  0.  tl  mu  run  \P.  a  -VAyV v I cy  Ay  ’  '  toAm 

In  order  to  obtain  an  assessment  rff.tiio  effect  of  a  coat  me  agent  on  A  j 
as  a  ihi!  it  v  and  riispe  r  s  ibil  ify  WT  F  FAP  the  modified  (84%  total  solids!  Blend  A 
1 . . a t  r  i •<  <v  ,s  reexamined  bv  mahlhg'a  direct  substitution  of  coated  1.  7  micron  AI 
■('b  l:>  !iX-8'VK!  for  the  uhcoaied  fraction.  ^?hc;  resulting  viscosity  response  plot  ■ ;  ■ 
is  in  Fie  ore  70.  Noth  that  the  tpatins:  pt  ores  s  (coated  with  HX-868  in  V 

'A'!  h'vl , -  no  V  Ido r i do )  resulted  in'tV  sliehtly  increased  particle  size.  By  comparing 
:.  ; ;  e.  re s  c. 7  arid  70,  oho  obse  rves  no  meaningful  difference  between  the  plots. 

Psv,'  nA-iUv  <he  -coating  exhibited  only  a  slight  effect  upor  the  viscosity.  Several 
0;  •  ilfrfrifrsafrrfrufrcl  to  eorit  llie  1V7  micron  AP  but  In  each  case,  rto^  ; 

M;(  deVr.-a sh  in  Viscosity ’occurred.  Even  though  the  product  in  each  Case 
ovbputed  a  low  men  su  reel  particle  size,  the  physical  appearance  indicated  large 
agglomerates  which  are  probably  not  completely  dispersed  in, the  mixing  proc  os s. 

A  more  meaningful  exariiinatlpri^of  Jhc  6f feet  of  coat  ing  aeent  was  made  ; 
bv  -•  i- b  sf  it  i'-.t  in";  SW  ECO'  vibrd  energy  milled  fr 8  micron  AP  for’ the  urn  oated 
oi  Amic  rpn  material  iri  the  8(5%  tbfal  solids  blend  ''D  '.  The  samplewas  coated  i 

with.  0.  4  b  HX-868  in  the ’grinding  process;  Examination  of  1  igute  71  An 

comparing  it  with  Fictire  ;65  ihdicales  that  the  Pnly  major  change  indicated  is  a  -y 
•  slight  lowering  of  the’  viscosity  of  those  blends  containing  high  concentrations  of 
4;  8  micron  (57  to  45  Kpb  ‘  -The  formulation  areas  of  low  viscosity  remain  t  le 


Fronv  these  experirhents  it  was  concluded  that  size ‘'distribution  .  , 

p^obohlv  contributes  to  good  processing  more  than  does  the  presence  of  a 

CpiitTftli'  aut'nr  on  the  «  .  j;r£  ■  'fr  fr'v-frfr--'  ;  •  -iy-g-y  -i  '  :  •  y  •  ■/  ... 

•  .  •  ;  *  ■  :_t  y  :  ’  .  -fr ;  "‘tfVry;-  :y’V  V  ..  i.  7.  T  3-fr':  :v';  l. j  ::  ’’ 

IP  order  to  obtain  an  assessment  of  the  processibility  of  emulsion  freeze 
dried  AP  a  direct  comparison  was  made  between  .  6  micron  SWECO  groun 
material  and  several  samples  of  freeze  dried  UFAP.  A  50/  50  mixture  of  uncoated 
1.  9  micron  fluid  energy  milled  AP  and  each  of  the  samples  to  be  compared  were 
processed  in  an  84%  total  solid  propellant  (74%  AP  and  10%  aluminum  in  HTPBb 
\  listing  of  the  oxidizer  samples  tested,  the  particles  sizes  and  end  of  mix  y  y  - 

viscosities  is  shown  in  Table  33.  The  SWECO  ground  .  6  micron  AP  processes 
s  ignificaritlv  better  than  the  freeze  dried  AP  in  this  particular  formulation. 

AVide  variance  was  noted  in  the  processibility  of  the  various  samples  oi 

freeze  dried  AP.  No  readily  apparent  trend  can  be  detected  which  relates 
these  viscosities' to  particle  size  or  type  arid  concentration  of  coating  on  t 

F P AP.  :  yfr  if f: ■■  ■  fr A ’frfr:  +?&:■■■  ■  frfr  f  ’fr.vh  : 
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V  fSCOSITY  RESPONSE 


X4=16M.B 


Ficure  69.  Viscosity  Response  Plot  for  84%  Total  Solids  Blend  "D 
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70.  Viscosity  Response  Plot  for  84»\  total  Solids  Blend  "D"  with 
Coated  4.  8  rr’it  nr  \P  '7  J  1 
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Viscosity  Response  Plot  for  Blend  "D-  with  Coated  4.  8  Micron  AP 
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TABLE  33 


PROCESSING  OF  FREEZE  DRIED  t'FAP 
AP  -  TOC,  A1  -  10%  hTPB  -  -10% 


AP  Blend  is  50  parts  1.0  u  iiincbatedl  and 
50  parts  of  each  individual  fraction  listed 


in  this  table. 
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1 . 6%  NOPCOGEN  1 6 -6 

-it  AA-v 

;■  :  -  If--;  p.1;:-: 

i  u:‘ ....  .7-,. 

0.  7%  DO  A  .  :  #  : 

0.  5%  Lecithin 

;.0.  77  11 

3o  Kp 

m;  A30  C 

2.  1C.  DO  A,  0.  7%  NOP-. 

V: 

A  ■  .  COGEN  1 

::  '  -  :i'-  1;,; 

0.3%  Twitch  el 

;0.  P8  U 

'■  •  .V  «** 

12  Kp 

•r';  ’  ''i./  Si  "  :  -  r'J’.' 

F  ni -  4 1  A 

:  '*  s2vl%.  DO  A,  ;  . 

1:0%  NOPCOGEN  1  6  -  0 

•  '  '  ri-'W 

0.68  p  "  *j#;r£ 

.  30  Kp 

FOR.-:L  |3AV 

V  0.  5%  Armeen  SZ  i.v  v 

A  /%•  ’  -  >  ■'  •  ..  -. 

:M  ;  24  Kp 

FBB-t-A 

2.  1%  BOA  ■■ 

.  0.  7%  NOPCOGEN  16-0 

0.  85  U 

12  Kp 

FDB-f-B  -A' 

•Vt  2.  1  %  DOA  ;;  , A 
.2.  0%  NOPCOGEN  1 6-0 

0.  56  p  .A;?- 

.0  ,66  Kp 

■SWECO  Vibro-  Energy  mill  UFAP  ,  '  , 


i  i'iurps  72-75  exhibit  viscosity  response  plots  for  foil#  samples  of  freeze 
f!  1 1 '  u  A  P  which  were  substituted  directly  for  the  0.6  micron  SWECO  ground 
I'FAP  in  b)<  nd  "A".  The  areas  of  minimum  viscosity  are  all  lccated  in  the 
lower  left  hand  corner  (low  corcr  rations  of  FD- UFAP  and  1.9  nvrrOn  AP) 

>i  t  lie  t  rianmil.i  r  plot  and  the  area  of  minimum  viscosity  increases  with 

■  increasing  particle  size  seemingly  Without  regard  for  coating  type  arid  concent 

ration.-  it  is  also  apparent  that  the  a  f  eas  of  mi  nirr.um  viscosity  will  also  be 
i o  r e.uil .,t  i on  a  reas  front  which  qii it  0  1  ow  bu rh  rates  will  be  obtained. 

The  width  Pf  the  distribution  for  . freezie  dried  AP.apbroximates  the  dis^ 

1  r: out' on  width  for  Vibro-energy  milled  UFAP;  therefore,  it  is  postulated  that 
difficulty  in  processing  freeze  dried  UFAP. can  be  attributed  to  difficulty  in  T  :• 
d  s  ne  r  s  :  n  g  the  freeze  dried  material.  T  '<  . 

d  >  -  dll  view  Ot  the  anomalies  Observed  in  the  ballistics  characteristics 
at.-;  tile  fact  that  equivalent  sizes  in  distributions  of  UFAP, process  diffe  rently,5 
-a  line;  attempt  was  made  fo  determine  whether  a  technique  could  be' do veloped' 
-Ahw-1)  wouPi  re-suit  hi  significantly  better Oispiersion  of  the  Various  types  of  ;  ' 

1  AP.  it  is  obvious  that  if  the  UFAP  canbe  dispersed  then  lovveh  viscosities 
wi'l  result.  Ibis  conclusion  can  be  drawn  from  small  packing  fraction  experi¬ 
ment,  which  indicate  high  values  of  partic'le  fraction  for  UFAP  when  completely 
r p>  rsf-cl.  .  ..  •.  ,  •  /'$/.,  *  ’  •••.■; 

'< 't  ,  ,  /’  !v  f..„  "  ^  “  1 

-.  ■,  '  ,  <  ,(i  .  •  ^  f  r  ,  t  a  '  «*J  •'  •  t ,  (  , - 

Th ree  techniques  were  evaluated  for  improving  the  dispersion  of  UFAP. 

■  The  technique  of  keeping  viscosity  quite  high  during  some  portion  of  the  mixing  ' 
..  process  should  physically  disperse  AP  if  sample  agglomeration  is  the  problem. 

hecondly,  application  of  ultrasonic  energy  to  a  low  viscosity  s lur ry  of  UFAP  in  - 
a  non- solvent  (methylene  chloride)  should  accomplish  deagglomerstion.  Thirdly 
tlie  Inch  speed  mixing  in  the  Waring;  blender  of  a  low  viscosity  slurry  should 
likewise  result  in  better  dispersion.  All  three  of  these  techniques  were  examined 
as  to  their  effect  on  propellant  end-of-mix  viscosity  and  essentially  no  change 
resulted.  The  best  technique  appeared  to  be  the  high  shear  mixing.  This  would 
indicate  the  dispersion  problem  is  r.ot  one  of  physically  agglomerated  UFAP.  i  .: 
The  most  likely  suspect  in  preventing  proper  dispersion  of  the  UFAP  would  be 
eit  ctrostatic  attraction  of  the  particles.  This  would  be  a  particularly  bad 
problem  with  freeze  dried  AP  in  that  the 'drying  process  occurs  Under  vacuum 
and  a  moderate  high  temperature.'  Large  amounts  of  physical  energy  will  not  i  ^ 
disperse  particles  agglomerated  in  this  manner.  Some  technique  must  be 
developed  to  eliminate  the  electrostatic  attraction  before  utilization  of  UFAP 
could  be  considered  a  viable  technique  for  manufacturing  reproducible  high 
burning  rate  propellants.  2  >  "  .  -  ■'/ TV  g  .Jf  %  •#  V, T  > 
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dpPRATING  PROCEDURES  FOR  HAZARDS  AND 
T" - -  SENSITIVITY  TESTS 
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Procedure  No.  00000-1355-402  Card  Cap  Test  _ 
pE  72.251  Test  Set-Up  for  Hot  or  Cold  Card  Cap  Test  Shots 
Procedure  No.  00000-1338-401  Lead  Column  Test 

Procedure  No.  00000-  1  3*7-401  Ignition  arid  Unconfined  Burning  Tests 
Extracts  from  RI  5624,  Bureau  of  Mines  {See  jiages  7.  8.  12.  13.  14,1 5) 


PE  73-96  Detonation  Test  on  tiFAP  Shipping  Container 
PE  73-106  Detonation  Tests  on  UFAP  Shipping  Containers 

PE  73-i68  '  Detonation  Tests  on  UFAP  Shipping  Containers 

,,  |  ■  s '  v.y.  '.-1  '■  :ir > :■,$  r, 'V.\  vf'x  :  ;  •; 

pE  73_H0  External  Heat  Test  on  UFAP  Shipping  Container 
Chapters  3  fc  4  of  updated  copy  of  DSAR  8220.  i  {old  TB  700  -21 
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operation 

PROCEDURE 


CARD  GAP  ffeST  (FOR  DETONATION  SUSCEPTIBILITY) 


Jlbenmont  will  be  used  as  a  general  operating  procedure  Tor  conducting 
sD  Tf  the 'nature  bi  tiie  rift at e ri al  warrant s ,  a n'  SPI  Will  Be1  Written  for . 
irencing  this  procedure  a's  'to  charge  composition  and/or  test  modifi- 


This  tes.t  gene  rally  complies  with  paragraph  3.  12  of  TB-700-2  (Explosives  ’/..y 
I hazard  ClaSsifica'tibrV  Procedure)  but  is  modified  to  accommodate  its  use  for 
determining  the  del onatidn  sensitivity  of  cast,  'SlUriried  or  liquid  explosives.  These 
test  materials  which  are  charged  into  the  pipe  (sample  holder)  are  referred  to  as 
the  "acceptor"  charge/  The  explosive'dharge  which  furnishes  tbe  necessary  stimulus 
for  the  "acceptor"  Charge  is  called  the  donbr  and  consists  of  t.wb!  (2)  pressed  pentolitc 
pellets  2  inches  in  diameter  and  one  (1)  inch  high  which  will  be  initiated  by  a  J-2 
electric  blasting  cap.  Maximum  weight  of  fcharge'  Jac'ceptbrl  will  be' 300  grams  and 
will  be  contained  jn  a  steel  pipe  1  7 /8"  O.  D. ,  70.  219  wall  x  5.  5.  "  long.  :  The  general 
lest  set -Tip  is  shown  in  Figure  T ,  ?W"henJ  liquids,  slurries,  “bl  pbWders  are  to  be  tested, 
the  sample  holder  pipe  is  to  be  prepared  as  shoWn  in  Figure  '2  prior'to  set-up;  jfer  ;  hy 
these  maleTials,  the  standoffs  can  be  omitted.  For  solids  (e.g.  cured  propellant),  the 
material  can  either  be  cast  and  cured  in  the  pipe,  or  machined  or  trimmed  from  a 
bulk  shape  and  inserted  in  the  pipe.  The  test  materials  and  set-up  should  be  at  a 
temperature  of  25  C  +  5  when  initiated.  , 


SAFETY  REQUIREMENTS 


Test  will  not  be  done  on  rainy  days  or  during  approach  or  progress  of  any 
electrical  storm. 

Radio  transmitters  will  not  be  operated  in,  the  area  when  explosives  and  detonators 
are  present.  ’ 

Electric  detonators  will  not  be  transported  in  the  vehicle  containing  explosives. 
Inspect  detonator  lead  wires  to  insure  that  the  ends  are  electrically  shorted. 

One  person  will  obtain  one  detonator  and  arm  high  explosive  donor  at  the  test  site. 

Insure  that  firing  cable  is  electrically  shorted  prior  to  Step  5  below. 

'  ’  ^ 

The  blasting  cap  will  be  installed  after  the  test  setup  is  completed  arid  in  place.  / 

Personnel  handling  explosives  w>ill  wear  flame-proof  lab  coats  or  coveralls, 
conductive-soled  shoes  and  approved  eye  protection. 
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7  FiH^  circuit  will  be  completely  inflated  from  the  ground  or  other 
conductor,  such  as  bare  wire*,  rails.  i>ipe^  6r  Other  paths  of  stray 

8  Don't  have  electric  wires  or  cables  of  any  kind  near  electric  blasting  ,  /  ^ 

*  caps  or  other  explosives  except  at  the  time  of  and 'for  the  purpose  of 

firing 'the  charge.  V: 

9.  Electric  blasting  cap  wires  as  well  as  the  firing  cable  wires  will  be  .  ;  ^  j  ■ 

short  circuited  until  ready  to  fire.  •; 

0.  •  In  the  event  of  misfire,  wait  15  minutes  before  approaching  location  of  charge. 

The  test  site  should  be  a  minimurii  bf  400  yards  from  inhabited  buildings. 

12.  Test  observers  shall  take  cover  in  the  blockhouse  during  arming  and  testing. 

-;F»RC>CF.bu'RE  -  ^  '  ' 

The  card  gap  tests  will  be  conducted  at  the  Eurn-out  pit  area  (Bldg.  7338) 
t  in  Finure  1  at  the  base  of  the  earth  bank  provided  for  this 

purp^ef  Two  80  gram  Pentolite  pellets,  initiated  by  a  J. 2  Engineer's  fecial 
blasting  cap  will  function  as  the  donor  explosive.  These  will  be  p  a<p  P 

of  the  pipe  and  in  a  cardboard  tube  with  the  "gap"  material  (cellulose  acetate 

cards  or  discs)  betwe^  the  donor  ^d  ac«pt^rcharge^_M^  o^_^  be  placed 

A  round  wooden  plug  ^^^One'  ’ 

hole  will  be  placed  on  the  pentolite  pellets  and  taped  to  the  cardboard  tube.  On  ^ 

person  will  place  the  cap  in  the  hole  provided  in  the  wooden  plug.  . 

Two  1 2- volt  storage  batteries  connected  in  series  are  located  in  the  test 
bunker  (barricaded  trailer)  and  will  be  used  as  the  energy  source  to  fire  the  cap. 

The  firing  will  be  accomplished  in  the  following  manner: 

1.  Verify  that  both  test  site  end  and_the^oppositc_  , 

endfare  shorteef.  1  1  ‘  '  > 

vine  naked  wire.  1  '  .  .. 

,  After  the  Vest  "setup  has  been  completed  and  the  blasting  cap  put  in  pUce  The  firing 
-Cu.  „!n  be evacuated.  On.  m.«  will  then  disconnect  the  shorted  end  of  the  cap 

wires  and  connect 

or  tape  can  wires  on  a  wooden  stake  to  insure  that  a  tug  on  the  ftr.ng  cable  w.ll  not 

r  ^lodg/St  test  speclrndn.  JThi.  nt»t -ill  then  return  to  the  test  bunker. 
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4.  Sound  warning  Korn.  , 

5.  Fire'test  specimen  by  touching  bare  ends  of  lead  wires  across  24  volt 

battery  terminals. 

6.  Sound  ''all  clear.  " 

EVALUATxON  :V 

- -  .......  •_  •  V;  y  ,  J  \  4  Q 

y.  The  Card  gap  test  is  normally  run  a  minimum  of  three  times  with  zero  gap 
(no  cards!  if  no  detonation  occurs.  Detonation  of  the  sample  material  is  ind  cated 
when  a  clean  hole  is  cut  in  the  witness  plate.  ,  If  a  detonation  occurs  with  any  of  the 
zero  gap  shots,  additional  tests  are  normally  performed  using  cards  between  the 
pentolite  donor  and  the  test  material  irithepipe.  The  first  such  shot  utilizes  8  cards. 

If  a  detonation  occurs,  the  number  of  cards  is  doubled  (i.e.  16  cards)  for  the  second  1 
test.  Doubling  the  number  of  cards  for  succeeding  tests  will  be  continued  until  no  '  , 

detonation  occurs.  When  a  number  ot  Cards  is  reached  that  prevents  detonation,  the 
next  test  will  be  with  the  number  of  cards  reduced  by  half  the  preceding  increment  o'  , 
increase.  If  detonation  then  occurs,  the  next  shot  will  have  the  n'Urhber  of  cards 
increased  by  half  the  preceding  increment.  This  process  will  be  followed  until  the  1 
break  point  between  positive  (detonation)  and  negative  (no  detonation!  results  is 
defined  to  the  desired  precision  (i.e.  1-2  cards  or  possibly  V  5  cards).  If  the  material 
being  tested  is  knoWh  to  be  similar  in  sensitivity  to  a  previously  tested  material,  the 
first  test  can  be  made  at  the  number  of  cards  defined  for  the  known  material.  Examples 
of  test  series  are  given  in  Table  1.  1  1  1  ,  vVy-  .  '  >  ^ly’^lyvy 1,11? 

If  damage  other  than  a  clean  puncture  occurs  to  the  witness  plate  (e.g.  plate'  ; 
dented  ot  broken  into  pieces),  the  extent  of  such  damage  should  be  noted  in  the  test 
log  book.  Plate  cracking  or  breaking  up  may  indicate  material  defects,  necessitating 
repeat  tests,  i  ■  :*■!  L  Hi  '•*£&  '  V.-:  - 


.3  TABLE  I 

EXAMPI  -E  ’ CA R D  GAP  TEST  SERIES 


Cards  for 


Shot  No. 

No.  C, 

ards  Positive  • 

Negative 

Next  Shot 

v  0 

1  ■  ’  -•  ..  ; . .. 

.  x.x;V*;|; 

■  '  •;  A -.i1.;  ,  ;•< 

;  v  ^  B  ;'/v| 

.'I.-- '  .  -■  ‘  ’"  y’J:  ■ ; 

°x 

%  f. 

;';v3 -hi)' 

j'V,/  ‘V:.  .  ’  ' 

'  ’1 k’Hx  ^ 

;  No  further  tests  needed 

.vv  •  :  .  -V  .  ;•  -  -  '  .  •  #,:V  /  1  .  .. 

Above  material  is  negative  at  zero  gap 

-.u  ..  >■  .  .-VX:  ;j.4-Tu 

(or  zero  cards).  ; 

.  ■  ■  •.  i  ;;i:  -  •  i.  '•  ••  ••  -  ■/  •. 

<  -  ‘  v  .  ;{»• 

0 

??■  M':  -  ‘  -i 

x  ■ 

h  ‘.4  :x.- 

>  B ; 

:  ;A;S' 

x  ■ 

16 

;xjc;  ■  V:v'. 

16 

32 

32 

... i  •  •%  ■  '‘t  "  i  ■  r;  •  ’  'jj 

V:-  '  .  „  *<-  ;l  *.  '• 

'  ’V.^ •  '  ■>' 

■  •.  ■  •• .  i 

X 

/if;;24'';.X;iv:V^|!;?:Xf 

;£§e;  : 

24 

-  ..'-v’x  X  ^ 

r. j  .•^,r  .;•<  v  j 

’  .:V( ’ . 

. 28  ;.p  V  1- 

■■ 

28 

jVV  .. 

-1  .  ’X  ’’’  'V:';  .;(b  X;-  i  '■  V 

*  ‘v'  X 

:r£y^6;;.  i:-y§y..yu. 

£  ■/.  :hg^  <';;v 

26 

f  .  ! 

’C  '■  '•  -i- .» 

■>■:  , 

.  f  :,;:3 

27 

f  :  .  .  *>l.  •  r'  -  '.j 

;/;-;:’;x  ■; 

No  further  tests  needed 

Above  material  has 

a  sensitivity  of  26- 

-  V  -1  f'--  ^  ii'vV' ,v ;;  ••  (.■ 

27  cards. 

A 

'•••  '.-"'I'..  U’ 

»  •  ■  • ...  ^  •-  - 

:  X  \ 

•  jcij;  "  .  ;  ;  .  ’’  i'  '  -'V  . 

■  o  . 

B 

0 

c  ft;:: 

;--v  ' :  ■  :? 

x:  • 

4 

'hc;D  "'f 10; 

4 

E  :  ■ 

;5l||  ;|'Xvg^ 

V  .  3 

3 

X 

'■  * h!j 

No  further  tests  needed 

Above  material  has  a  nominal  sensitivity  of  3-4  cards,  but  apparently 
is  not  very  reproducible.  X  <.;■ 


Blasting  Cap  wires 


Paper  tape  applied 
to  pipe  OD  tb  busa  out  to 
cardboard  tube  ID 


Wood  Cap  Holder 
Block 


Pehtolite  Donor 
Pellets  'fi' “ 


Location  of  cards,  Where  used 


Cardboard  Guide 


Sample  Holder  Pipe 


Stand- offs, where  :i:; 

used  (4  e a .  1/2  x  1  /2 
x  1/16  plastic)  '  ; 


Pa  pe  r  Tape  W  ra  ps 
for  support  ■  „ 


Witness  Plate 


Wood  Stand 


NOTE: 


Minimize 
adhesive  bead 
on  inside  of 
pipe  i 


31  mil  Sa ran  wrap  closure  (or  similar) 
stretched  over  top  of  pipe 


Rubber  band  applied  to 
hold  Saran  Wrap  in  place 


i"  paper  tape  bushing  wrap 
(to  nominal  2  inch  OD ) 


‘'13  Sample  composition  to 

be  tested  (liquid,  slurry, 
powder,  etc.) 

Sample  Holder  Pipe 


TA-L721-B  adhesive 
or  other  bonding  agent 


3  mil  thick  (or  less  )  aluminum 
foil  closure  bonded  to  bottom  of 

.'pipe'  :  '  - 


SAMPLE  HOLDER  FOR  LIQUIDS  OR  POWDERS 


FIGURE  2 
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T-UP  FOR  HOT  OR  COLD 


CARD  GAP  TEST  SHOTS 


The  purpose  of  this  SPI  is  to  specify  changes  ir  the  test  set-up  and 
procedure  specified  in  Operating  Procedure  Mo.  00000-1355-402  'CARD 
GAP  TESr  (FOR  DETONATION  SUSCEPTIBILITY),  for  hot  or  cold 'test 'shots. 
TKe  s  e  "chVngV s*  a r  e“s p e cilicafl  y”r  equfretf  to  "alio  w”t*e s  ting  qn  emulsion  that  must 
be  held  between  145°  and  1 8 •  to  keep' the  APfrom  precipitating  out,  and  a 
frozem  emulsion  in  liquid  nitrogen.  The  same  has ic  test  set-up  and  procedure 
will  be  used  whether  hot  cr  cold.  In  general,  the’ material  t'b  b0  tested  will 
be  taken  to  the  test  area' in  a 'suitable  insulated  container  such  that  it  can  be 
maintained  at  the  required  temperature'  until  rdady  tor  use.  The 'card  gap1  ■ 
pipes  will  likewise  be  preconditioned  to  approximately  the  needed  temperature' 
and  transported  in  insulated  containers.  And,  finally  the  -heat  sink  fluid,  liquid 
nitrogen  or  hot  ^terj;iwill  be  taken  iio  thtf  test  silea  in' Deiwirty^e  flasks.  Afte 
positioning  the  witness  plate  qn  the  wooden  stand,  the  heat  sink  fluid  reservoir. 
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Setup  for  Hot  or  Cold  Test  Shots 
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OPERATION 

PROCEDURE 


EAT)  COLUMN  TEST  (FOR  UNCONFINED  DETONATION) 


INTRODUCTION  '  •  ?  ^  .  .:  .'i%v  :  V  ^  ^  /, 

This  document  will  be  used  as  a  general  opening  procedur 
lead  column  detonation  tests  on  cu 
pow 


red  propellant  samples’,  slurries,  pastes,  and 
.ders.  If  the  nature" of  the  material  warrants,  an  SPI  will  be  written  for  appr 
referencing  this  procedure  as  to  charge  composition  and/or  test  modification. 

This  test  generally  complies  with  paragraph  3-8  of  TB  700-2  (Explosives 
Hazard  Classification  Procedures),  but  Contains  modifications  to  accommodate 
testing  non -solids.  For  cured  propellants  or  rigid  solid  bodies,  the  test  sample 
Wil)  be  a  cube  two  inches  (*  1/4  inch)  on  an  edge.  .This  sample  will  be  placed 

on  tois  of  a  load  #ifhelS”  ct^umrt.  which  in  tSitn'is  ^plaC’ed  on  a  steel  plate  base. 
A  No.  8  electric  hlri stihg  cap  is  positioned  against  and  On  top  of  the  solid  samp 
ind  initiated.  Deformation  of  the  lead  column  (mushrooming)  is  considered 
evidence  of  sample  detonation.  For  non-rigid  solids  (poWders).  slurries.  or 
other  liquids,  the  sample  material  will  be  contained. in  a  suitable  container  whic 
thim  is  tested  as  above.  For  these  materials;‘?the  test  sample  weight  will  be  a 
minimum  of  150  grams  and  a  maximum  of  300  grams,  with  the  weight  and  volurn 
of  each  sample  recorded.  •  ••  T-  r  t  > 


SAFETY  R EQULR_EMENTS 


Explosive  Limits:  ’ ;  '  ’  •  .  ■  ' 

All  explosive  components  used  in  any  one  test  wil 
H.  E.  (UFAP  in  slurry,  paste  or  powder  considered 
the  H.E.  ).  ■  f  i  i  •  , 


2.  Personnel  Limit:  V  'i?;.;.  ■  Us'cA  V liL/i'ir 

Three  (3)  -  Active  Test  Personnel 
One  (1)  -  Transient  i 

3.  Test  will  not  be  conducted  on  rainy  days  or  during  approach  or  progress  of 

any  electrical  storm.-  .>■  • -r.  ;|.  ■  -  ,  -  -  ;  •  "  :•  ■  ■ 

4.  Radio  transmitters  will  not  be  operated  in  the  area  when  explosives  and 

detonators  are  present.  i  1  [  * 
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nprtric  detonators  will  not  be  transport  — - —  “ 

e^ltivc;.  Inspect  detonate  lead|irea  to  insure  th.t  the  ends  are 

electrically  shorted.  ’  ; 

One  person  will  obtain  one  detonator  *nd  arm  the  tent  Set-np  at 
r,Lt  sue.  Insure  that  firing  cable  ia  elettric.lly  allotted  prior  tr 

Step  7  below,  v  f  1  Pp ;P/y;  :P-' 

The  blasting  cap  will  be  installed  after  the  test  setdp  ^ 

£  ini  th/firine  cable  checked  for  current  flow  with  a  blasting 

galvanometer  or  equivalent.  ‘  »  s  f  [ 

Personnel  handling  explosives  Jill  wear  flame-proof  lab  coats  or 
Coveralls,  conductive -soled  shoes  and  approved  eye  protection.  . 

Firing  circuit  Jill  be  corri^letebr  insulated  from  the  ground  or  other 
J ...a _ ,<=  Vrt.ro  wires .  rails,  pipes  or  other  paths  of  st  y 


non-l  have  electric  wires  or  cables  oi  any  — - ’  .  . 

or  other  explosives  except  ai  tht  time  of  and  for  the  purpose  of  firing  . 

the  charge.  • ;  ‘j  :pi:P/P$PP^ PP;^P^-  : v-'i' ;  ‘p^ 

Elcctricbiaiflll'cap  wiWi.  the  firing  cable  wire,  will  be  J 

.short  circuited  until  ready  to  fiye.  -  i 

In  the  event  of  misfire,  wait  15,minutes  before  approaching  location 

"  •  ,'V  .  f.  '  '  '  I  *  '  ,  ‘S 

of  charge. i 

The  test  site  should  be  a  miniJum  of  400  yards  from  inhabited  buildings, 
test  observers  shall  take  covejin  the  block  house  during  arming  and  tasting 


procedure  ,  :  i  f.  t, 

The  tes*  will  be  conducted  at  the  burn-out  pit  area  (Suilding  7338 
ice  PUl  wUh  the  est  set-up  showh  in  the  attached  sketches.  The  test  : 

S 

diameter  by  4  inches  long,  with  square  ends,  and  cast  of  solid  lead,  i  y 

on  end  in  the  center  of  the  plate.  The  test  sample,  or S  pi 
sample  is  placed  on  top  of  the  column.  A  wood  or  cork  cap  holder  is  p 
onTop  of  the  sample  and  the  setup  secured  with  tape  to  prevent  WILy-J 

A  Nto!t8  d^t:^ 

tiiTtest  bunker  (barricaded  trailer)  and  are  used  as  the  energy  source  to 
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the  cap.  The  firing  will  be  accomplished  in  the  following  manner: 

1.  One  man  will  hold  the  end  of  the  shorted  firing  C  a  hi  e  Jri^h  i 

hand "and  away  f  r  oirT  any'^owe resource. 

V  “T*  ’*.***  "*  T mm  •;..**  ,  .*£»•*  "•;»”/ 

......  '  ■■■  :  . 

2.  /Lfter  the  firing  site  has  been  evacuated,  one  man  Will  disconnect  the 
shunted  end  of  the  electric  blasting  cap  and  connect  it  to  the  firing 
cable  by  twisting  each  end  of  the  cap  wires  oh  the  firing  cable. 

Make  certain  that  this  connection  is  adequately  protected  against 
shorting  but  by  allow  ing  sufficient  air  spaCebr  taping.  Wrap  or 
tape  cap  wires  on  a  wooden  stake  to  insure  that  a  tug  on  the  firing 
cable  will  not  dislodge  the  test  specimen.  This  man  will  then  « 
return  to’  the  test  hunker. 

''  V".//;  - viy?  :!/?V  :  >;.vV  <  '  /.  ■  // 

3.  Make  a  continuity  check  as  per  "Safety  Requirements. " 

’ -■  -1^.-  "  1' '•  ->4=?' 

'  4.  Sound  warning  horn/*  '  ,  .  - 

.  i  ^  .<•  ,  '  '  ,  »  .  '  * 

'  5.  Fire  test  specimen  by  touching  battery  clips  on  ends  of  lead 

wires  across  24  volt  battery  terminals.  ri.  ,  f  - 

6.  ■  Sound  horn  for  all  clear.  \  .  .  / 


EVALUATION  /  ;  ,  '  .  ■  <  \  , 

I.  ..  .  .  Wiv:"  v  •  •'  >'• 

/Normally,  this  test  will  be  conducted  a  minimum  of  five  times,  or 
until  detonation  occurs.  Whichever  is  the  least  number  of  tests.  Where 
desirable  for  reporting  purposes,  photos  can  be  taken  of  a  typical  "before*' 
'set -up,  arid  either  of  the  "after",  condition  or  of  the  lead  witness  columns 
after  the'  shots.  For  DOT  Shipping  Classification  tests,  a  notation  Should  be 
recorded  for  each  shot  as  to  Whether  the  sample  exploded,  burned,  or  was  ::' 
simply  fragmented.  ....  ■ r'  'I,/}// 
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Soft  plastic 
bottle  (baby  boctle) 
containing  liquid 
to  be  tested 


2- inch  ID  cardboard 
tube  cut  long  enough  to 
sample  weight  and  seah 
at  each  end  with  tape 


Powder  or  semi¬ 
solid  material  to 

't.v.  ;i:.  : 

be  tested 


Sample  containers  cut  to  length  needed  for  sam 
;ap  to  be  in  direct  contact  with  sample  material 


Note 


OMUUNATJ?" 
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»Y*Tfto  l  o»ir  /  •• 
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PAOI  ~ 

1  OP  A 


IGlIifloM  AND  iTNCONFIrfEn  WURNING  TESTS, 


introduction  i  . 

am!  powders. (  •  yy.-  -y  y,-.  , , ,s'.  ■  y  '  x  i 

ThU  test  generally 

will  be  a  cube  2  inches  (  +  1  t*  ‘"Cf  J  “"^LLe  foot  1/4  inch  thick).  The  sawdust 

kerosene-soaked  sawdust  (enough  for  one  q  lts  observed  and  recorded. 

is  then  ignited  with  an  electric  match  test  is  then  run  where/  , 

This  test  (a  single  cbo  sa.p  M  .s  r,  row  on  sawdust  as  above.  The  ,  ;  ? 

four  samples  are  placed  end‘t0-endrow>  Th8e  purp0ge  of  the  test  is  to  determine 
sawdust  is  ignited  at  one  en  na oration  (burning)  to  detonation  when  unconfmed. 

H  &.  ..mpl.  wm  transit  from  „„pU  Wate.lal 

f ;  * 

•  /.  ,f  Vi-'  -  ’•  i  ‘  ■  '  ‘  y  •  l- :  - f  -  ••  •  ?>  - 

SAFETY  REQUIREMENTS  .  < 

•  •.  . •'  •.  i. '•  ;  •'  y  y;-  •  t  :■.■■■'•'  Y-.  V.*-  .■  '■  •.*  -  \ 

1.  Explosive  Limits': ;  yyj/'  ':  ,;5  /, /y^y-c  /. ■,$'>;  ■■ y-  '-ijy?  -/.y  "  *  v  • 

All  explosive  components  used ^in i  any  ®ne  ^^dTredTs  constituting  part  of 
.  H.E.  (UFAP  in  slurry,  paste  or  powder 

the  H.  E.  )•  v  :  i  y  .vy  ■ 

■'  'i':.  i  ’’  •  c  •> .  y  '.ty  i  «,  •, .  y  ; .  >■  A.h:-  •/  .  •  _  /  ]•'■>■  ./•/:.  '  y  •  ]■  ' '  • 

2.  Personnel  Limit:  '■  ' 

Three  (3)  -  Active  Test  Personnel 

One  (1)  -  Transient  :  ' 

Test  wlli  no,  be  eondneted  on  rain,  4.,.  or  daring  .ppro.ch  or  progr.. .  of 
electrical  storms  •*  $ 

,4.  Radio  transmitter.  will  «*  be  operated  U,  the  ar  A  ^..^10.10..^  Unit.r 
are  present.  '  y  ;  y.  /y, yr . :  .'yYyyy;;  .yi.yt'y-i 'f.iy>yyv;-f:yiy:: 
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5.  Electrical  igniters  will  not  be  transported  in  the  vehicle  containing 

explosives.  /Inspect  Ighiter  lead  wires  to  insure  that  the  ends  are 
electrically  shorted.  "  ’  *  ‘ .  '/  ■ 

6.  One  person  will  obtain-  one  igniter  and  arm  test  set-up  at  the  test  site;  ■  •  .  » 

Insure  that  firing  cable  is  electrically  shorted  prior  to  Step  7  below. 

7.  '  The  igniter  will  be  installed  after  the  test  setup  is  completed  and  in  place 

and  the  firing  cable  checked  for  current  flow  with  a  blasting  galvanometer 

■  ^ :  or  equivalent.  f/A 

8.  Personnel  handling  explosives  will  wear  flame-proof  lab  coats  or  coveralls, 

•  conductive-solod  shoes  and  approved  eye  protection.  -  :/  i/ 

9.  Firing  circuit  will  be  completely  insulated  from  the  ground  or  other  i  :> 

^Conductors  SOch  as  bare  wires,  rails,  pipes  or titfier 'paths of  stray  currents.  V. 

10.  '  Don't  have  electric  ivires  or  cables  of  any  kind  near  electric  igniters  or 

other  explosives  except  at  the  time  of  and  for  the  purpose  of  firing  the  charge. 
'T/;"'"{'.  '  i:: :;.:-///  ■  ■  /;;  ;/  /; 

11.  Electric  igniter  wires  as  well  as  the  firing  cable  Wires  will  be  short 

,  ...  circuited  until  ready  to  fire.,  r-  '  /  ‘  ,  ' 

^  :  :  -  /  K v-  '■:} .  - V  •  •/ ;  / 

,12.  In  the  event  of  nriis fire,  wait  15  minutes  before  approaching  location  of  charge.' 

13.  '  The  test  Site  should  be  a  minimum  of  400  yards  from  inhabited  buildings . 

■  '//  . ‘  ;  .  ■  ;  ^ ;///  / -.  vv -///,/;/// .;/  .■  .  .  / ■. 

14.  Test  observers  shall  take  cover  in  the  block  house  during  arming  artd  testing. 

*.4  "  /r/i.-c// v  ’4'  1  ''"'l.i/,;:?!/ '„'■■■■  ■  ’’ !  i iu':: 

PROCEDURE  V  ■'  V";-  V/. > 

The  tests  will  be  conducted  either  at  7620  test  pit  or  at  the  burn-out  pit  area  :’;:S 
(Bldg. ‘7338  or  Snake -Pit),  with  the  test  set-up  shown  in  the  attached  sketches. 

The  test  setup  should  be  positioned  where  burning  of  the  test  sample  can  be  seen  ; 

(for  timing  purposes)  either  by  remote  CCTV  or  by  direct  sight  from  a  remote 
location  (such  as  the  concrete  blockhouse  at  the  Snake-Pit).  A  bed  of  kerosene- 
soaked  sawdust  is  spread  oUt  T  / 4 -inch  thick  by  about  one  foot  square  in  a  tray 
made  of  aluminum  foil.  The  sample  (or  samples)  is  placed  in  the  center  of  the  bed. 

An  electric  match  igniter,  with  or  without  propellant  booster  (as  needed),  is  placed 
in  the  bed  at  one  side  to  cause  ignition  of  the  kero'sene/sawdust.  Two  12  volt  batteries 


"  ’  V..  :  1  :  OP-00000-1337-401  ' 

■  %■■■?&:&  P’age  S  ■■ 
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i  'V:  series','"  located  in  t"h o  banker  (barricaded  trailer  at  7338)  are 
use*.  •  t'i-»  energy  source  to  fire  the  igniter.  The  firing  will  be  accomplished 
ir»  in-  •.  : lowing  tr.'anftef:  ,  ►  1  - 

,  •  •  V-'.V  ,v.  .  ro  °  ’  ..'S  'S' .  ' 

1.  One  man  -.nil  hold  the  ertdjbftKd  o^ortei 'firing  cable^his^ 

-5:  fianriVnd  away  from  any  power  source.  •, 

•  it  ?*  *r  fife  firing  site  has  been  evacuated,  one  man  will  disconnect 
b.  shorted  end  of  the  igniter  and  connect  it  to  the  firing  cable  by 
e  .  e-»  twisting  each  of  the  igniter  .wires  with  one  of  the  wire9  on  the  firing  I 

cable.  I  '  ke  certain  that  this  connection  is  adequately  protected 
against  s.  V  ting  out  by  allowing  sufficient  air  space  or  by  taping. 

Wrap  or  tape  firing  cable  to  an  anchor  point  to  insure  that  a  tug  on 
the  cable  will  not  dislodge  the  igniter  from  the  test  set-v  p.  This 
rnan  will  then  return  to  the  test  bunker. 

•  •  '  '■  ■■■'(■■ ' 'ti/-  ;,i  ' ;•  "v.-V  •;  •.  <•'  '  V  jt,  '  - ;  S  : 1  *•',  j  ; 

3.  Make'  a  continuity  check  as  per  Step  5  under  Safety  Requirements.  ■ 

4.  Sound  warning  horn.  '•  •'  ?'•  i' k:  :;V:  '  ,>*-  ■  *  •  i 

■  ...  'v  -  V-  ■  :■ -’-f  •-  ...  y .  4 •  i.v  ■  ■ ;  -1  '  , 

fire  igniter  by  touching  bare  ends  of  firing  cable  lead  wires  across  .. 
volt  battery  terminals^''  h : h; ; yh;!; ; v h h ;  vj .fv:^ 

;  j  Sound  "all  clear"  only  after  set-up  has  burned  out. 

.  .  v  S'  '*  •  */?;  i.  '  -  S.  -'f- ; V"  .‘w-v’ .  '•  -  ••  ?  i-,' 

s'-.;.-..  /•  .  -.y  .  'r  ..-h:.  ••vV--’'.  '■ >:~4 

r  ■"  T.TiATION  '  '  "  ’  a - -1^.: h-  ■  h  ' 

'  !/.  -.V  '  '•  '  •.  -/  J'  “  •  ,-j'4  ■  ‘V  ‘  ■- '•  *iy-  ''  ...  ■-  ' 

The  test  shot  using  one  cube  or  sample  will  be  run  twice,  and  that  using 
four  cubes  jr  samples  in  a  row  will  be  run  one  time.  Where  desirable  for  reporting 
purposes,  photos  can  be  taken  of  "before"  and  "after"  firing  set-ups.  For  DOT 
Shipp’-  Classificaf ,  r.  tests,  a  notation  should  be  recorded  for  each  shot  as  to 
whither  the  sample  exploded,  and  what  the  nominal  burning  time  of  the  sample 
its  el  i  was. 


:Rc produced  in  part  f r om  Bureau ' of  Mines  Report  of 
*' investigation  Rl-5624,  Laboratory' Equipment  and  Test 
Procedures  for  Evaluating  Expiosibility  of  Dusts,  by 
Her. ry  G.  Dorsett,  Jr.,  Murray  Jacobson,  John  Hagy, 
and'  Roger  P."  Williaims,  lU. '  S.  Dept,  of  the  Interior, 
Bureau  of  Mines  (I960).  •  '/V ‘  '  Vv  ; 


5-mlnute  period  unless  ignition  occurs  sooner.  In 
dust  layers  variations  in  diameter  and  depth  of  sa 
well  as  the  effects  Of  air  flow,  duration  of  test, 
preheating  the  dust. 


Electrical  Energy  fo£  Ignition  of  ai  ‘Dust  Cloud 


FIGURE  3.  •  Hartmann  Explosibi lity  Apparatus  for  Determining  Electrical  Energy  for  Ignition 

■ of  a  Dust  Cloud.  .  ■■■ 

•  --  t  .  ,  ■ 

attached  to  a  cylindrical  metal  base  or  dispersion  cup  by  hinged  bolts.  The 
top  surface  of  the  base  is  machined  somewhat  hemispherlcally  in  shape.  The 
total  volume  of  the  chaihbe'r  is  75  cubic  inches'  (1.23  liters).  'Dispersion  is 
accomplished  by  a  single  blast  of  air  from  an  80-cubic  inch  reservoir.  The 
air  flow,  controlled  by  a  i/2-inch  full-port  solenoid  valve,  passes  into  the 
chamber  to  a  mushroom-like  deflector  in  the  bottom  of  the  dispersion  cup.  Th 
optimum  air  pressure  in  the  reservoir,  determined  by  trial,  ranges  from  5  to 
15  pounds  per  square  Inch  gage  (p.s.l.g.).  The  quantity  of  dust  dispersed 
fmm  S  to  10  times  the  minimum  explosion  concentration;  lower  dust 


'' 


the  value  of  minimum  energy,  the  electrodosarc  4  Inches  above  the  base  of 
the  tube.  The  ignition  spark  is  obtained  from  the  discharge  of  condensers  at 
100  vo  1 1 3  (to  increase  the  energy  range  the  voltage  i<;  increased  to  400  volts). 
Oil-impregnated,  paper-dielectric  condensers  arc  used  With  a  capacitance  range 
from  2  to  100  microfarads.  The  condensers  discharge  through  a  luminous-tube 
transformer;  An  electronic  timer,  with  adjustable  delay,  controls  tne  spark 
discharge  during  dust  dispersal;  the  optimum  time  is  determined  in  preliminary 
trials.  The  energy  of  the  spark  (in  Joules)  is  calculated  as  1/2  CV%  where 
C  is  the  capacitance  of  the  condensers  in  farads,  and  V  is  the  charging  poten¬ 
tial  in  volts.  The  minimum  energy  for  ignition  of  the  dust  cloud  is  the  least 
required  to  produce  flame  propagation  4  inches  or  longer  in  the  tube.  At  low 
energy  values  (5  to  50  millijoules)  the  incremental  capacitance  is  l  micro¬ 
farad;  at  higher  energy  values  the  increment  is  4  microfarads.  Four  trials 
are  made  at  each  condenser  setting;  however,  If  the  dust  ignites  in  initial 
trials,  lower  energy  is  tried  until  a  minimum  is  obtained.  The  value  of  the 
minimum  ignition  energy  obtained  is  approximate  as  some  electrical  energy  is 
dissipated  in  the  transformer  circuit  and  some  remains  stored  in  the  condenser. 
For  this  reason."  relative  rather  than  absolute  values  of  energy  are  obtained.  . 

In  limited  trials  with  direct  condenser  discharge  at  high  voltages,  comparable 
minimum  ignition  energies  were  obtained  for  several  dusts. 

'  ..  ■  '-'it'  1 1'  ■  ■  V-  .  :>V  ;■  ■'  ■  ‘j,,'  r:-‘  :  It*  ’  ;-v 

■  .  '  ■  ■  ■.  „ .  ;■  ‘  ■  r  ■**■;•.!  J:  1  1  .  ;  -  .  h  r  *  .  -I,  ... 

■;  :;V.  5'-;  sV-lK'":}'  I? it?' 

.V  v,;:'  'r  ,  Minimum  Explosive  Concentration 

The  minimum  explosive  concentration  or  the  lower  explosive  limit  of  a  :I  :! 
dust  is  determined  in  the  previously  described  Hartmann  apparatus,  except  that 
an  induction  spar'-,  .gniting  source  is  used  instead  of  the  timed  condenser  dis¬ 
charge  spark.  'This  test  was  developed  to  provide  data  corresponding  to  those 
obtained  in  large-scale  experiments  in  galleries  and  in  the  Experimental  Coal 
Mine  for  Pittsburgh  coal.  A  weighed  amount  of  dust  is  spread  in  a  thin  layer 
in  the  dispersion  cup  The  top  of  the  Hartmann  tube  (iucite)  is  covered  with 
a  filter-paper  c'.i apnragm  held  in  place  by  a  locking  ring.  A  1/16-inch  hole  Is 
made  in  the  center  >f  the  filter  paper  to  prevent  pressure  build-up  in  the  tube 
from  the  dispersing  air  and  the  tungsten  electrodes  are  adjusted  to  a  gap  length 
cf  3/16-inch.  The  electric  spark  is  struck  and  the  current  adjusted  to  23.5 
milliamperes .  The  dust  cloud  is  formed  in  .the  lueite  tube  by  releasing  air 
from  the  80-cubic  inch  reservoir  through  the  full-port  solenoid  valve;  optimum 
air  pressure  ranges  from  5  to  15  inches  of  mercury  and  is  determined  in  pre-  - 
liminary  trials.  Following  ignition  of  the  dust ''sufficient  pressure 'must  de¬ 
velop  to  burst  the  filter-paper  diaphragm;  appearance  of  flame  in  the  tube  is 
not  considered  propagation.  The  pressure  required  to  burst  the  paper  diaphragm 
is  about  2  to  3  p.s.i.,  depending  on  the  rate  of  pressure  rise.  If  propagation 
occurs  for  a  given  weight  of  dust,  the  weight  is  reduced  by  a '5-mtliigram 
Increment  and  another  trial  made  until  a  quantity  is  obtained  which  fails  to 
propagate  flame  in  any  of  four  successive  trials.  The  lowest  weight  at  which 
flame  propagates  is  used  in  calculating  the  minimum  concentration.  Tests  are 
made  with  the  electrodes  2  and  4  inches  from  the  bottom  of  the  tube.  The 
average  of  the  two  weights  is  divided  by  the  volume  of-  the  tube  (75  cubic 
inches)  for  the  value  of  the  minimum  concentration.  For  materials  which  tend 
to  agglomerate,  3  to  5  percent  fuller's  earth  may  be  admixed  to  facilitate 
dispersion  1  ’  ■  ’  ,  {(  ,•  ?  * 


Explosion  frrc-'.snre  and  Kates  of  Pressure  Rise 

Pressure  and  rates  of  pressure  rise  developed  by  a  dust  explosion  are 
determined  in  a  closed  Steel  Hartmann  tiibe  (fig.  f)  .  Dust  dispersion  is 
accomplished  by  re  lea  sir.};  air  from  a  3-dublc  Inch  (50  ce.)  reservoir  at  100 
.p.s.l.c,,*  instead  of  from  the  flD-tubic  .inch;  ifeservoir  at  14  p.s.l.s.  pre¬ 
viously  described.  The  maximum  pressure  that  can  develop  in  the  explosion  ■ 
tube  from  die  dispersion  air  is  6.5  p.s.i.«.;  however,  because  of  rapid  devel¬ 
opment  'of  the  dust  explosion,  the  pressure  from  the  dispersing  air  at  the  tine 
of  ignition  is  Generally  2  to  3  p.s.l.g:  Before  1950  the  dust  dispersion  was 
accomplished  by  compressed  air  from  the  80-cubic  inch  reservoir  at  a  pressure 
of  28  inches  !(70  cm.)  mercury.  This  dispersion  system  was  less  efficient  than 
that  currently  in  use.  A  full-port  solenoid  valve  controls  admission  of  the  , 
dispersing  air  and  a  check  valve  prevents  itHc  combustion  gases  from  escaping 
back  into  the  dispersion  reservoir.  Ignition  of  the  dust  cloud  is  norma  y 
produced  by  the  24-watt  continuous  spark  source .  For  dusts  which  ignite  with 
difficulty;  the  heated  coil  or  guncotton  source  is  tried.  ■;  ; 

The  explosion  pressure  is  measured  by  a  Bureau  of  Mines  manometer 
or  by  electronic  t  ran  s  due  dr  s ;  yfiThe '  maximum  pressure  hod  the  average  ahd  maxi¬ 
mum  r:  's  of  pressure  rise  developed  ihviw  aiicplosion  are  determined  from  the 
hresghre-time %cct>rdsr  as  shiM  on  figure  'l7  *^her  disperstoft  pressure  (initial 
■pressure  in  the  tube  at  time  of  ignition)  ts  subtracted  from  the  peak  explo- 
sion  pressure  to  give  a  corrected  maximum  pressure.  The  average  rate  is 
obtained  by  dividing  the  maximum  pressure  by  the  time  Interval  between  ignl-  ■  ; 
t ion  of  the  dust  cloud  aiid  the’^cclirrencc  of  the  maximum  pressure .  ’  iTho  maxi¬ 
mum  rata  fs  the  steepest’  slope  of  the  prCSsore-timc  cutvc .  'formally,' 
explosion  test's  hre  made  at  dust  concentrations  of  0.10,  0.20,  0.50,  1.00, 
and  2.00  ounce  per  cubic  foot.  _•  <  ‘  J  '■  , 


re*-'  wr*?* t  s 


Maximum  pressure  BC  93  p.s.i. 

Average  rate  of  pressure  rise  BC/AR  •  1,900  p.s.i./sec. 
Maximum  rate  of  pressure  rise  -EF/DE  -7,000  p.s.i./ sec. 
Initial  pressure  correction-  BX=2  p.s.i.  , 


.. 


FIGURE  6.  -  Hortmbnn  Apparatus  for  Determining  Pressure  and  Rotes  of  Pressure 
Rise  in  a  Dust  Explosion. 
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bETONATION  TEST  ON  UFAP  SHIPPING  CONTAINER 


!N  T'UOnUCTTON  A,  A"''  ...  >‘-  ,i'  X  Ai,  '  N-  .0'.^  •  /'  V..  \' 

'a 'aa hjs^iprunieht  \vill  V  used as  a  general  operating  procedure  fpr  ‘  ..j 

condvictirig  at  iea9t  one  f ul  1-flc a  1  e' deto na t i on  teat,  Type  A  of  Chapter  4, 

TB7G0-2,  on  a  5  gallon  shipping  container  of  UFAP.  :  '  *  .  ••  ,  1  ‘ 

This  test,  as  spelled  out  in  TB700-2,  involves  filling  one  shipping 
container  with  a  live  charge'of  material,  and  arming  it  with  an  initiator  positioned 
about  4  inches  above  the  bottom  of  the  container.  '  For  this  tost,  the  initiator 
\vill  be  an  electric  souib  and  two  ounces  of  black  powder.  /The  primed,  live 
container  will  then  be  positioned  on  a  wooden  pallet  and  surrounded  with  six 
each  containers  loaded  with  sand.  Steel  packing  strapping  will  be  applied  to 
bundle  the  containers  together,  this  bundle  will  than  be  topped  with  seven  mbre 
containers  all  filled  with  and  anil  strapped  together  in  a  similar  manner.  :  i,,,  ;  ; 
Additional  straps  will  be  applied  to  hold  the  top  layer  in  place.  The  palletized 
assembly  will  then  be  transported  to  'ih e’A  ost  a rea ,  ipos  it ioned,  photographed,  V,|; 
then,  after  the  area  is  cleared,  initiated.  Photographs  taken  after  the  test 
Will  be  used  to  indicate  the  extent  of  damage  that  occurs.  ’  .  . 


As  an  additional  means  of  determining  whether  the  'live  test  material 
undergoes  a  high  order  detonation,  Primacord  will  be' inserted  in  the  UFAP  a 
inside  the  primed  container,  and  run  out  to  a  remotely  positioned  lead  witness 
plate.  Undamaged  Primacord,  and  no  damage  to  the  lead  plate  will  be  evidence 
that  any  reaction  that  oCcurs  in  the' UFAP  test  material  did  not  achieve  a  high 
order  detonation,  regardless  of  the  damage  that  might  occur  from  explosion  or 
low-velocity-detonation  of  the  material.  a.  A  .  A  '/  A, 

SAFETY  REQUmEMEKTS  '  ^  J  .  .  ! 

1.  Testing  (initiation)  Will 'not  be  done  on  rainy  days  or  during  approach 
or  progress  of  any  electrical  storm. 

2.  Radio  transmitters  will  not  be  operated  in  the  area  when  the  assembled, 

pa’letized  test  charge  is  present.  A  . 
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3.  Ensure  initiator  leads  a ?e  Shorted  tOgetherprio^tohandling  the 
initiator  itself  or  any  assembly  eonta ining  the  initiator. 

4.  Persons  handling  explosives  shall  wear  flame-resistant  lab 
coats  or  coveralls,  conductive-*  led  shoes  (of*  ’'legstat'S"), 

■  and  approved  eye  protection.  ,V*  J  ;  ,8  8 

5.  One  person  will  be  responsible  for  arming  the  device  (connecting 

it  tb  the  firing  Circuit)  just  prior  to  the  test.  This  may  be  done  only 
'  ’  fafter  all  other  persons  haveleft  the  area;  •  ,  »  .*  ,, 

6.  VTKe  firing  circuit  will  be  completely  instilated  from  the  ground  or 

■  other  conductors  such  as  bare  wires,  rails,  pipes  or  other  paths 

of  stray  currents;  .  •  .<  ;  ’;y‘ 

7.  The  firing  circuit  must  be  shorted  it  the  bunker  at  all  times  except 

■  I  when  ready  to  initiate  the  test.  .  8  • 

•  l"  ’  -O  ;‘.s.  ■.  y":T  '•  '8;*'  ‘  ,y‘  V.  '  >'  :'y!’  >V'“  S:  ;; 

8.  In  the  event  of  a  misfire,  wait  15  minutes  before  approching  the 

location  of  the  test  assembly.  '  ♦ 

■  9.  .  No  person  or  vehicle  shall  be  between  the  bunker  atid  the  test  site 
t.  during  initiation  of  the  test.  r  .  •  1  °  /  '  >  ,  , 


PROCEDURE 


n;: 


’'i  The  test  assembly  is  to  be  prepared  in  Building  7603  and  transported 
from  there  to  the  te' '  pad  at  the  Burn-out  Pit  (Bldg.  7336-7338)  for  testing. 

fifcy-y  ’ .. i  -.'^8 W; ■-  ; ; : ^  ■  •  8-y'v  [ 

•  k  .  The  arrangement  of  the  primed  shipping  container,  and  the  final  ;; 

assembly  of  the  test  package  is  act  Shown  in  Figutt  1,  Assembly  will  generally 

.h'e'a’S  '■followst''5"..!;1-,. •.  v T-’  •.  •>* -v  -f 


VDrili  a  hole  in  the  side  of  the  five  gallon  pail  just  under  the  rolling 
yi-.'  ring'^aiid  install  a  rubber  grommet  tit  the  hoiei  ;  If  necessary,  pot  - 
the  grommet  in  place  with  ambiertt  cure  adhesive. 

:  ;  *  .  'V;>  yy  y  .  Ay  '■  ,  •  w  .  y  :  f:  ....  A;  A  y ... 

2.  Place  two  conductive  plastic  liners,  one  inside  the  other  inside  the 
pail. 

;3.  Obtain  a  thoroughly  blended  mixture  consisting  of  10. 00  lbs.  FDB-7 
freeze  dried  UFAP  and  4.29  lbs.  of  Sorbeads. 

»’  '  :p  '  -  VJ  i.'  .V  I.v'  ..’ ..  ■{.If:  V'-S'n I.  V  ' :  :>  i  u:*  :  'i 

4.  Charge  enough  UFAP/Sorb6ad  mixture  to  the  inside  bag  to  fill  to  a 

four  inch  depth.  '  ’  if  ,  ,  [Jf'  ’ 

v8:;:  8:"  h'  !  V  .  Aw  ; 

5.  Place  the  prepared  initiator  charge  (electric  squib  a  with  2  ounces  of 
black  powder)  on  the  surface  of  the  material  in  the  center  of  the  pail. 

Run  the  leads  horizontally  to  die  pail  wall  (where  the  grommeted  hole  is) 
then  straight  up. 
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Cover  the  initiator  with  UFAP/Sorbeads  to  hold  it  and  the  leads 
in  place.  Finish  filling  the  container  with  the  mixture. 

Ins ert  the  initiator  Ve^d/thrcdph  thi  ^rontirieted  ^  j^g 

inside,  and  pull  through  until  only  «  or  6  inches  of  loose  wire  remain 

inside  the  pail.  i  ,  .  -  %  1  > 

rarefully  insdrt  the  fr ec  end  Of  t,e  FHmacord  through  the  grommeted 
hole  from  the  outside,  taking  care  not  to  move  or  otherwise  .  •  : 

disturb  the  initiator  wires.  Insert  until  the  end  is  within  one  inch 
of  the  opposite  side  of  the  pail. 

Dig  a  furrow  in  the  UFAP/S6rbc*'ls? charge;  it  least  orte  inoh  ^' 

Knd  bury  the  Primacord  under  the  material.  Bend;  the  Primacord 
just  inside  the  grommeted  hole  as  needed.  See  x  igure  1.  ■ 

Gather  the  heck  of  the  inner  conducive  bag  around  the  Primacord  ■ 

•  X.  MiUr  u.d.  and  apply  .-.p.?'  W*.«**l  »»'"’>"«  '  ,  • 

around  them.  Repeal  with  the  outer  bag.  ^  ‘  _  ; 

ptace  about  100  gms.  of  additional  Sorbeads  inside  the  pail  on  top 
•of  the  bags,  then  install  the  pail  lid  and  crimp  down  the  latching  ears. 

Place  the  primed  container  u  the  center  of  a  wood  pallet,  and  surround 
'  'it  wdth '-'six  containers  d.ch  filled  with' 65  lbs.  of  dry  sand  (lids  ^ 
installed  and  crimptedl.  Position  these  outer  containers  so  the  ^ 

'.  primacord  and  initiator  leads'  come  out  between  two  of  *hem.  ^nser  , 
•small  wood  spacers  between  these  twb  pails,  one  above  the  leau-  and 

Primacord,  and  one  below.  ",'  'Xyv  '.v?:' .r;  '; 

'  ,Aoply  one  wrap  of  5/8  Wide  steel  strap  around 
'filled  containers  to  tightly  bundle  them  together  Recheck 
4  Primacord  and  initiator  lealds  just  prior  to  this  to  ass  ure  tk-y  a-  ,  - 

still  protected  and  properly  positioned.  jVv: 

■P\*ce  one  sand-filled  container  (each  conta  ining  65  lbs.  of  dry  sand 
Trd  with  lids  installed  and  crimped)  on  tf  p  of  each  of  the  seven  bottom 
,  containers.  Apply  a  steel  strap  around  t’r.e  outside  of  them  to  tigh  y 
bundle  them  together.  ,  y  ],  •  •  ‘‘  •-  •  ■  .. 

Apply  strapping,  as  Shown  in  Fig,-.-  1,  to  hold  the  top  bundle  against 
the5 bottom  one,  and  to  hold  the  bunuies  against  the  pallet. 

Tape  the  initiator  leads;  and  the  free  end  of  the  Prirmicord,  with  its 
Jead  wUness  plate  (5”  x  5"  x  3/16-.  to  the  outside  of  the  assembly 

where  they  won't  interfere  with  handling  and  transportation. 
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;'e  .Testing  of  the  assembly  will  generally  be  as  follows:;  • 

Transport  the  test  package  to  the  test  area  (Snake-Pit)  and 
position  on  the  gravel  pad  just  above  the  card  gap  test  area. 

Remove  all  transportation  vehicles  (truck  and  fork  lift)  from  the 


Unroll  the  Primacord  and  place  the  witness  plate  on  the  ground  a  si ; 
far  from  the  test  package  as  possible.  Place  sand  bags  over  the 
jmlnisss  plate  and  Primacord  to  protect  it  and  prevent  it  from  being 

lost.'  ■  1  c,  '  ' 

Unroll  the  initiator  leads  and  extend  out  as  far  as  possible  toward 
.  the  firing  circuit  clips.  .  .  T  Y..-: 

•  '  ‘  '  ,  r  ’  ,  ,  >  »  >  .S',  '  ■ ,  , 

Take  photographs  of  the  test  package  in 'its  test  position. 

.  -  '  .y  y  .  ( '  ,  ;  -  -  *  ‘  ■  '  ■  J  f?'  ] '  ,,'V;  ■  *'  *  -  -if  /.  ; '  *  *>*•  V  ,  \  \  *  •"«  '  ~  '  ;*r  •  >  .  * 

Clear  the  area' except  for  the  person  to  arm  the' device. 

'  ,  ' .  ,,7  ..  .  ;  .. 

.  Verify  that  both  ends  of  the  firing  c i r c u i tar ef‘sho rt  e  d  and 
initiator  leads  are  shorted’.  .  ;  :  -  t,  .  *  t 

Unshort  the'firing  circuit  leads  it  the  test  site  and  spread  apart  as 
far  as  possible.  Unshort  the  initiator  leads' and  connect  tof  the  > 
firing  circuit  leads.  Make  certain  the  leads  are  adequately  protected 
against  Shorting  out  by  allowing  Sufficient  air  space  or  by  taping. 

Return  to  the  bunker  and  ensure  the  test  area  i9  completely  clear  of 
personnel  and  vehicles.  . 

,^s*  «•  m  m-mmm  m m m mm m m m m m m m m m m  ■  ,'i>i  ;  ^  • .  v*.  •  .  ,*■  .  A: "■•it  ' 

Sound  warning  horn.  ,  ■  r  ‘ 

Initiate  the*  test  by  unshorting  the  firing  circuit  (at  the  bunker  end) 
and  touching  the  bareTeads  across  a  24  to  36  volt  battery  circuit.  ■■ 

Wait  at  least  5  minutes,  then  (if  test  initiated)  sound  "all  clear". 

■  ‘  m'm  m  mmmmmmmmmmmmmmmrnm-mm  r..,  ’  i;  ' "  '  ’ f  >•!» 

Take  photographs  of  the' ’test  site  after  the  test,  and  make  written 
description  of  condition.  .Locate  and  photograph  condition  of 
witness  plate.  ■  ;  , 

If  crater  exists,  measure  and  record  its  dimensions..  , 

Record  any  other  pertinent  information  concerning  explosive 
effects.  .  , 

,  c  i  *)<  1  !  '  «■  "  .i,;*  ‘i ;  -  r  Mf. j 

Unreacted  Primacord  should  be  gathered  up  and  disposed  of  later  by 
initiating  with  a  blasting  cap,  following  the  general  procedure  for  fr 
lead  column  or  Card  Gap  Tests  (Procedure  No.  00000-1338-401 
or  00000-1355-402,  respectively). 
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STIPULATIONS:  /  (;.  '  U;  *  :'|  UlN*.: " 

1.  'Radio  transmission  silcrice  in  the  Plant  will  be  in  effect 

during  the  transportation  period.  ,, 

2.  Emergency  vehicle  will  preceed  the  transport  vehicle  alo 

■  .  the  route.  :;£:UO  -  -;,:v  ;  T'  '  h;l:  •.  / p  • :S'‘. 

3.  Transportation  Will  be  performed  during  normal  working 

N-V.ii'  hours.  ’  'sh  T,  'vVy :  :  ?  :T;  P?  "U-V 
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DETONATION  TESTS  ON  UFAP  SHIPPING  CONTAINERS 


Introduction 


This  document  will  be  used  as  a  general  operating  procedure  for  conducting 
full-scale  detonation  tests.  Type  A  of  Chapter  4,  TB  700-2,  on  5  gallon  shipping 
containers  of  UFAP,  Up  to  five  tests  will  be  made,  ■  '  *  >  . 


’  This  test,  as  spelled  out  in  TB  700-2,  involves  filling  one  shipping  container 
with  a  live  charge  of  material,  and  arming  it  with  an  initiator  positioned  about  4 
inches  above  the  bottom  of  the  container  For  this  test,  the  initiator  will  be  an 
electric  squib  and.  two  ounces  of  black  powder.  The  primed,  live  container  will  then 
be  positioned  on  a  wooden  pallet  and  surrounded  with  six  each  containers  loaded 
with  sand.  Stee’  packing  strapping  will  be  applied  to  bundle  the  containers  together. 
This  bundle  will  then  be  topped  with  seven  more  containers  all  filled  with  sand  and 
strapped  together  in  a  similar  manner.  Additional  straps  will  be  applied  to  hold  the 
top  layer  in  place.  The  palletized  assembly  will  then  be  transported  to  the  test  area, 
positioned,  photographed,  then,  after  the  area  is  cleared,  initiated.  Photographs 
taken  after  the  test  will  be  used  to  indicate  the  extent  of  damage  that  occurs. 

As  an  additional  means  of  determining  whether  the  live  test  material 
undergoes  a  high  order  detonation,  Prima'cord  will  be  inserted  in  the  UFAP  inside 
the  primed  container,  and  run  out  to  a  remotely  positioned  lead  witness  plate. 
Undamaged  Primacord,  and  no  damage  to  the' lead  plate  will  be  evidence  that  any  , .  : 
reaction  that  occurs  in  the  UFAP  test  material  did  not  achieve  a  high  order 
detonation,  regardless  of  the  damage  that  might  occur  from  explosion  or  low- 
velocity-detonation  of  the  material.  *  ,  s  ;  :U  7  ‘ 

•  I-..-:  '•  •••/••  '  •  •.  I';'*'-;.  -■  .  •!  -I  l  -  -;••••  r\‘.  •  ^  '•  /•  ■  • 

Safety  Requirements  ,  *  .  ’  ' 

1.  Testing  (initiation)  will  not  be  done  on  rainy  days  or  during  approach  or  i 

■  progress  of  any  electrical  storm.  ,  "  l;  1  ‘  i  c  .  ' 

2.  Radio  transmitters  will  not  be  operated  in  the  area  when  the  assembled, 

palletized  test  charge  is  present.  ,  '  : 

3.  Ensure  initiator  leads  are  shorted  together  prior  to  handling  the  initiator 
itself  or  any  assembly  containing  the  initiator. 
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4. 


Persons  handling  explosives  shall  wear' flame- resistant  lab  coats  or 
coveralls,  conductive -soled  shoes  (or  "legstats"),  and  approved  eye 
protection.'  i-'J; :  "  ;; /' '  ■  ’ 

5.  One  person  will  be  responsible  for  arming  the  device  (connecting  it 
to  the  firing  circuit)  just  prior  to  the  test.  This  may  be  done  Only 

r  '  after  all  other  persons  have  left  the  area3.  ‘  : 

6.  The  firing  circuit  will  be  completely  insulated  from  the  ground  or 

.other  conductors  such  as  bare  wires,  rails,  pipes  or  other  paths 
of  stray  currents  .  ■  ;;  .  .’ 

7.  .  The  firing  circuit  must  be  shorted  at  the  bunker  at  all  times  except 

.  when  ready  to  initiate  the  test.  °  ,  '■  •?  * 

8.  In  the  event  of  a  misfire,  v/alt'15  minutes  before  approaching 
the  location  of  the  test  assembly. 

•9.  ;,.No  person  or  vehicle  shall  be  between  the  bur  if  and  the  test  site : 

:  ,  during  initiation  oftKetest.  '  ^  \ 

•(,:  -  -:.V  v  •  ,  •  -,y  '$■}  ••  •  ‘  tf  .-■*  -  .>!r-  ■■  •  ‘ 

Procedure  v  lv  ■'  -  ~  '■ 

!. — — - — .  ’  ,  ■  '  -.  *  ■'  '  '  •.  ■  .  ■ '  "  ‘  -  ■  '  1  ■ 

; ■;>  TS- - c = -:f •. ■  ■ : t i- j.'v ^ v- ; ^ f c . "f- r::^- 

The  test  assembly  may  either  be  prepared  in  £  Tiding  7603  and  transported 

from  there  to  the” test  pad  at  the  'Burn-out  Pit  (Bldg.  7; 36-7338)  for  testing  or 
assembled  at  the  test  pad.  hThVUFAP  containers  must,  'oowevef1,  be  assembled 
at  7603  inside  conditioned  bay,’  '"  ' , 

f;  V>ff  fh  -  „  1  if  <:  S-fy  •"  '  '*  *■: '.f  :  .  : 

/.V*';  ;V-,  -v  f  ...v  ■; ...  t?»..  •••;  :  • 

..  •  .The  arrangement  of  the  primed  shipping  contains *•,  and  the  final  I  '  ; 

assembly  of  the  test  package  is  as  shown  in  Figure1  i.’'  ‘Assembly  will  generally 
be  as  follows:  ■:  ‘iC  .>4  r  '  '  f  .'V-  ..:  ’.  " 

.;.  r  ,  ,  •  (  \f  I  i  J,r  ’  ut'< 

•  1,  Drill  a  hole  in  the  'side  of  the  fire  gallon  pail  just  under  the  rolling 
ring,  and  install  a  rubber  grommet  in  the  hole.  If  ’licessary,  pot 
■ the  grommet  in  place 'with  ambient  Cure  adhesive.  ,  <'  V,.  '  . 

2.  Place  two  conductive  plastic  liners,  one  Inside  the  other  inBide  the 
pail. 

3.  '  Obtain  a  thoroughly  blende*]  mixture  consisting  of  10.  00  lbs.  UFAP  and 

4.  29  lbs.  of  Sorbeads.  f 

4.  Charge  enough  UFAP/Sorbead  mixture  to  the  inside  bag  to  fill  to  a 

■  four  inch  depth.  :  '  it-sfi'': f' '''SV'-jy:-': ■-'sf  ' -? S -V 

'■  v'v'<  ■  1  '  /'■  ■•}  ’  y  ''  ,-i  ,  i  ’  ' '  ■'  ’.  .fi'.'l  ' '  y.  \  ./'  '  -'v.:'...  ''■'V  ’’S" '''  f  ■- 

5.  Place  the  prepared  initiator  charge'  (electric  squib  with  2  ounces  of 
black  powder)  on  the  surface  of  the  material  in  the  center  of  the  pail. 

Run  the  leads  horizontally  to  the  pail  will  (where  the  grommeted  hole  is) 
then’ straight  up.  ‘  Shorted  initiator  leads  should  be  grounded  at  alt  times 
pier  "Electrical  Grounding. " 

6.  Cover  the  initiator  with  UFAP/Sorbeads  to  hold  it  and  the  leads  in  place. 
Finish  filling  the  container  with  the  mixture,  v 


-v.es 


FV*'* 
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Insert  the  initiator  lends  through  the  grommeted  hole,  from  the  inside, 
cind  pull  through  until  only  5  or  6  inches  ofloose  wire  remains  inside 

the  pail.  -Vi,.;'  .  :  v  ?•;;{¥  i- 

■  Carefully  insert  the  free  end  of  the  Primacord  through  the 
hole,  from  the  outside,  taking  cate  not  to  move  or  otherwise  disturb 
the  initiator  wires.  Insert  until  the  end  is  within  one  inch  of  the 
opposite  side  of  the  pail.  ,  ,  *  •  •  i  j;  '  • 

Die  a  furrow  in  the  U  FA  P /So  r  be  ads  charge,  at  least  one  inch  deep, 
ar.d  bury  the  Primacord  under  the  material.  Bend  the  Primacord  ; 

just  inside  the  grommeted  hole  ^is  ^eeded.  See  .Figure  i* 

^Gather  tkeneefeof  the  thh^r  conductivii  Wg  around  the  Primacord 
and  initiator  leads  and  apply  a  tape  wrap  to  seal  the  bag  opening 
around  them.  Repeat  with  the  outer  bag. 

Place  about  100  gms.  of  additional  Sorbeads  inside  the  pail  on  top  i 

'  0f  the  bags,  then  install  the  pail  Ud  and  crimp  down  the  latching  ears. 

^cre  the  paint  from  an  area  about  2"  *2"  just  below  the  grommet. 

.V/rap  the  Primacord /initiator  leads  with  aluminum  foil  »<>  atou 

:  18”  from  the  grommet,  and  ensuring  the  wrap  is  at  least  1  * 

:■  thick,  secure  the  wrap  with  tape.  Tape  a  bonding  strip  at  l^  hreeUy^s 

thick  from  the  P rimacord /lead  wire  wrap  to  the  exposed  pail  waU  Secure 
with  tape  to  provide  a  grounded  connection  from  the  wrapped  leads 
.  ••  metal  can.  ■  -  ‘  -■«  'V' ■/. i :  [-s;  ¥/•’ 

Coil  the  remaining  Primacord.  and  initiator  leads  and  wrap  in  alun^num.  Cg 

foil  to  completely  enclose  them.  Fold  all  ends  at  least  three  times  and 

tme  Wrap  shJld  be  at  least  three  layers  thick,  and  should  extend  to  and 
be  taped  into  electrical  contact  with  the  wrap  applied  in  Step  1  2,  above.  , 

Vhe  remaining  steps  may  either  be  performed  (up  through  Step  19) 

.  in  7603,  or  at  the  test  site.  v  * 

Place  the  primed  container  in  the  center  of  a  wood  pallet  and  , 

it  with  six  containers  each  filled  with  65  lbs.  of  dry  sand  (lids  installed 
and  crimped)..  Position  th6se  outer  containers  so  the  Primacord  an 
Wtiator  leads  come  out  between  two  of  them.  Insert  small  wood  spacers 

£££»  P*a*. ;»"« «•*  ’**d«  •«*.  ' 

■/below.  ■  -ViKy  V! ■■  i-  '':F- 

Annlv  one  wrap  of  5/8  wide  steel  strap  around  the  outside  of  the  sand 

filled  containers  to  tightly  bundle  them  together  Recheck E  th" 

and  initiator  leads  just  prior  to  this  to  assure  they  are  stxll  protected  and 

properly  positioned.  ..  ¥.  .  >  '  /  J  i  ■ 

'Place  on.  sand-filled  coMWder  (i.dt,  coSfalnlng  65  lb.  of  dry  -lib 

lids  installed  and  crimped)  on  top  of  each  of  the  seven  bottom  containers  _ 
.Apply  a  steel  strap  around  the  outside  of  them  to  tightly  bundle  them  together 


A-32 
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Apply  strapping,  a*  shown  In  Pigure  1,  to  hold  the  top  bundle  against 
the  bottoth  one,  and  to  hold  the  bundles  against  the  pallet. 

19.  Tape  the  initiator  leads,  and  the  free  end  of  the  Primacord,  with  its 
“  lead  witnes  s” plate ”(5"  X  5"  #' V 16” j,  to  the  outside  Of  the  assembly 

'■i*'  ^heif*  they  won*t  interfere  yllh  handling  and  transportation. 

Testing  of  the  assembly  will  generally  be  as  follows:  : 

20.  Transport  the  test  package  to  the  test  area  (Snake-Pit)  and  position 

;  on  the  gravel  pad  just  above  the  card  gap  test  area.  .  C,  ,  . 

21.  Remove  all  transportation  Vehicles  (truck  and  fork  lift)  from  the 

y'-’X'  area. v..“.  H  'X'  'y.x'X'X  v-  ■  •  '  <?■(' ,  .'> 

,  22.  Remove  the  aluminum  foil  wrap  from  the  coiled  Primacord  and  leads. 

Unroll  the  Primacord  and  place  the  witness  plate  on  the  ground  as 
far  from  the  test  package  as  possible.  Place  sand  bags  over  the  witness 
plate  and  Primacord  to  protect  it  and  prevent  it  from  being  lost. 

*  23.  '  jUnrOirthe  initiator  leads  and  extend  out  as  far  as  possible  toward  the 

.  firing  circuit  clips.  ,  i  < 

, .  .  »*  *  '  ..v-  •;  •  ,  >  i  •i.vi'V  •> • ..  l,ib‘  v  ^  ^ . ;  j; .  f  ,  ..  ^  . 

-•24,  Take  photographs  of  the  test  package  in  its  test  position.  X 

-'  ■■  ■  ■'  >  ‘  u  ,1.  -  n  ,  I  ;  ,  ’  '  /,  ‘  ;7 

,  25.  '  CleSrthe  area  except  for  ihP  pirsin  to  arm  the  Bevice. 

•  26.  Verify  that  both  ends  of  the  firing  circuit  _a_re_shortedand_the  initiator 

TeadTs  are  shorted.  ;  ...... • 

„  27.  Unshort  the  firing  circuit  leads  at  the  test  site  and  spread  apart  as 

far  as  possible.  Unshort  the  Initiator  leads  and  connect  to  the  firing 
,  circuit  leads.  Make  certain  the  leads  are  adequately  protected  against 

shorting  Out  by  allowing  sufficient  air  space  or  by  taping. 

28.  Return  to  the  bunker  and  ensure  the  test  area  i- i*i- 

4  “  •’  per BonneT "and  vehfcles.  ,n  .  ,  ,  {  : 

,  29.  Sound  warning  horn.  ••  ;v;’  .. : 

30.  Initiate  the  test  by  unshorting  the  firing  circuit  (at  the  bunker  end) 
and  touching  the  bare  leads  across  a  24  to  36  volt  battery  circuit. 

31 .  Wait  at  least  5  minutes,  then  (if  test  initiated)  Sound  "all  clear.  " 

32.  Take  photographs  of  the  test  site  after  the  test,  and  make  written 

description  of  condition.  Locate  and  photograph  condition  of  witness 
plate.'1  i  iyyy;  y  : 

33.  If  crater  exists,  measure  and  record  its  dimensions.  7 

34.  Record  any  other  pertinent  information  concerning  explosive  effects. 
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Ur. reacted  primacord  should  tie  gathered  tip  and  disposed  of  later  by 
initiating  with  a  blasting  cap,  following  the  general  procedure  for 
lead  column  6r  Card  Gap  Tests  (Procedure  'Kp.  00000-1338-401  or 
00000- 1 355-402,  respectively!.  f  .  ,  .  ■;  .J1,;  i 
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MF3.  BCtTIDM  CHICS 


DETONATION  TESTS  ON  UFAP  SHIPPING  CONTAINERS  ; 

•  ■■  t\  ;•}  '■  1.  \  •  ...  4  .  •■•?•■  .  yS  •'  •.:»•'  ••  v  ••  •,  >•  ,,  ,  ...y 

Introduction  •  -V-  f^'y-  ■  /i''!' /I.  v-';- ' '  '■  . '  \ 

0~  .  I  -i  •«  ••,  .•*/;.  ,>  ..'b;Ao*  :  :•*.:.•  *•;  v  ;•  ’‘yj;*' 

This  docurrient  will  be  uWd' as  a  general  operating  procedure  for  conducting 
one  f  ill,  scale  detonatioR  test.  Type  B  of  Chapter  4,  TB  700.2,  on  two  5  gallon  .  .  v 
shipping  containers  of  UFAP.  ■■  /Nf  N 

This  test  as 'spoiled  out  in  TB  700-2,  involves  filling  one  shipping  container 
wit li  a  live  charge  ofmateiial,  and  arming  it  with  an  initiator  positioned  about  4  ; 

inches  above  the  bottom  I  of' the  container.  For  this  test,  the  initiator  will  be  an 
electric  squib  and  t^b  ounces  of  black  powder.  A  second  container  witl  be  charged  .* 
with  live  material,  bjut  will  not  have  an  initiator.  The  primed,  live  container  will  , 
then  be  positioned  on  a  wooden  pallet,  and  the  uriprimed  container  placed  next  to  it.  . 
The  two  live  containers  kill  then  be  completely  surrounded  with  inert  containers,  ,  ^ 
loaded  with  sand.  Steel; packing  strapping  will  be  applied  to  bundle  the  containers  ,, 
together.  !  This  bundle  *vill  then  be  topped  with  ten  more ’containers  all  filled  with 
sand  arid  strapped  together  inf  a  sirriiTar  mkriner.  Additional  straps  will  be  appUed 
to  hold  the  top  layer  in  place.  The  palletized  assembly  will  then  be  transported  to  the 
test  area,  positioned,  photographed,  then,  after  the  area  is  cleared  initiated 
Photographs  taken  afterithe  test  will  be  used  to  indicate  the  extent  of  damage  that 
'  .  «  '••••*.  >.„*  ■jf;  -  -  f  y  .  f  f',-  ■“ 

occurs.  •  -  ■ .  •:  .:?*  *•:.  .--v  ..  v  v  ’  ‘  •  :  <v r' ■  ■:  •• 

:■  .  ».  j  ?£.  '  ,  ‘  ;  t;y‘  ••  j  ; 

As  an  additional  'means  of  determining  whether  the  live  test  material  under, 
goes  a  high  order  detonation,  Primacord  will  be  inserted  in  the  UFAP  inside  the  ,  ; 
primed  container,  arid  run  out  to  a  remotely  positioned  lead  witness  plate. 

Undamaged  Primacord,  and  no  damage  to  the  lead  plate  will  be  evidence  that  any 
-eacHon  t*af  occurs  in  dhe  UFAP  test  material  did  not  achieve  a  high  order  ^ 
detonation,  regardless  of  the  damage  that  might  occur  from  explosion  or  low- 

velocity-detonation  of  the  material.  !t'  '  ,  -  J  A  f 

The  primary  purpose  of  this  test  is  to  determine  if  the  primed  (donor)  con- 
tainer ,  when  initiated,  will  cause  the  unprimed  (or  receptor)  container  to  function 
(explode).  *  ►  <  ,,  1 

Safety  Requirements  ■  .  _  >  V  *'  , 

1.  Testing  (initiation)  will  riot  be  done  on  rainy  days  or  durit^  ajiproach  or  ; 

progress  of  any  electrical  storm. 


RS 0*37  (369) 


A -36  ■  c;:f  ^ 


&  ’{-O'' 


PE  73-108 
Page  2 
73  Feb  19 


2.  Radio  transmitters  will  not  be  operated  In  the  area  when  the  assembled, 

,,  palletized  test  charge  is  present. 

3.  Ensure  initiator  leads  are  shorted  together  prior  to  handling  the  initiator 

,  litefeff  or  any  assembly  Containing  fhe  initiator.  ■ 

4.  ’  'Persons  'handling  explosives  shall  wear  flame-resistant  lab  coats  or  •; 

'  ■  co/eralls,  conductive-6oled  shoes  {or  ••legstats*'),  and  approved  eye 

protection.  U"  ;-  .'■■■.  i'j;  '■  " 

5.  One  person  will  be  responsible  for  arming  the  device  (connecting  it 
i  to  the  firing  circuit)  just  prior  to  the  test.  This  rhay  be  done  only 

'  ,  'after  all  other  persons  have  left  the  arba.  ;  v  1 

6.  The  firing  circuit  will  be  completely  insulated  from  the  ground  or 
other  conductors  such  as  bare  wires,  rails,  pipes  or  other  paths 

of  stray  currents.  '  A'^ir':'  :‘*  :  ..''-AA -A  ’-n 

f  i,  ;  ■,  ;  ;$■  .  <  /A  .  r/r ,  ,y  °  ;■■■■  “  -  ■‘i  ■  ' 

t-'7.  ‘.The  firing  circuit  must  be  shorted  at  the  bunker  at  all  times  except 

:  ’  when  ready  to  initiate  the  test.  f  ,  '  ‘  ,  .  :  A-. 'A'  ; 

i'..;-'-’’,  ;  •  f  \it  .  "  .  .''‘iV  ■  >7.  ' .•  v  f  -  ■  ;  .  •  •,  •  •  -  .7 i'l . 

1.8.  In' the  event  of  a  misfire,  wait  15  minutes  before  approaching  the 

f  "’;  .  :  location  of  the" test  assembly.  1  "1‘  1 

9.  V  No  person  or  vehicle  shall  be  between  the  bunker  and  the  test  Site 

■'  during  initiation  of  the  test.  '  y  f  ;  .  ,>  C 

■■■■. .. Vviv- .A>vr ;■  '  .  'SSi4fcfu:  v,s>  V -:AA  Ka'  ■ 

>0:  tiv  .^.w'  ■  yi  ::  v 

•  Procedure  «  'AppSAxA'  -.ViyS:  :  y.JjA- \ v AaI-  AS; 

•  ,-y  '■  -‘‘c “  i. '  a,.'  V-  •  .»,*♦,  ;  'V  •  ’•  .  ■  : 

The  test  assembly  may  either  ije  piipired  in  Building  7603  and 'transported 

from  there  to  the  test  pad  at  the  Burnuout  Pit  (Bldg  7336-7338)  for  testing  or 
assembled  at  the  test  pad.  The'  ITFAP  containers  must,  however,  be  assembled 
at  7603  inside  conditioned  bay. 

The  arrangement  of  the  primed  shipping  container,  and  the  final  ® 

assembly  of  the  test  package  is  as  shown  in  Figure  T,  -  /Assembly  will  generally  - 
be  as' follows':  "%M  -  k^S. ■•’I'AA ■*  >;■'  ;a  a-  ,a  ..AisC  V;  '  - 


1. 


2. 


4. 


Drill  a  hole  in  the  side  Of  the  five  gallon  pail  just  under  the  rolling 
ring,  and  install  a  rubber  grbmmet  in  the  hole.  If  necessary,  pot 
the  grommet  in  place  with  ambient  cure  adhesive.  “  ?  1  i  ■ 

Place  two  conductive  plastic  liners,  one  inside  the  other  inside  the 
pail. 

Obtain  a  thoroughly  blended  mixture  consisting  of  10.  00  lbs.  UFAP  and 
4.29  lbs.  of  SorbeadB,  , 

i'  ,  ,  r  j  '  t  -  >  -  '  *  ‘  1  V 

Charge  enough  UFAP/Sorbead  mixture  to  the  inside  bag  to  fill  to  a 
four  inch  depth. 


A -37 
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’  16. 


PI  u  o  the  prepared  initiator  charge  (electric  squib  with  2  ounces  of 
black  powder)  on  the  surface  of  the  material  in  the  center  of  the  pail. 

Run  the  leads  horizontally  to  the  pail  wall  (where  the  grommeted  hole  is) 
then  straight  up.  Shorted  initiator  leads  should  be  grounded  at  all  times 
per"  'lcotrical  Grounding." 

Covei  the  initiator  with  UFAP/Sorbeads  to  hold  it  and  the  leads  in  place. 
Finish  filling  the  container  with  the  mixture.  .  ...  . 

''•'Insert  fhe  initiator  leads  through  the  grommeted  hole,  from  the  inside, 
and' pull  through  until  only  5  or  6  inches  of  loose  wire  remains  inside 
the  pail.  ■..s-.'V-c  .  7 :-.h  V  h:;  ?^.V:  4»Vvv\; 

Carefully  insert  the  free  end  of  the  PrimaLOrd  through  the  grommeted 
hole,  from  the  Outside,  taking  care  not  to  move  or  otherwise  disturb  ,  ■ 

the  initiator  wires.  Insert  until  the  end  is  within  one  inch  of  the 
opposite  side  of  the  pail.  '4  . 

Dig  a  furrow  in  the  UFAP/Sorbeads  charge,  at  least  one  inch  deep, 
and  bury  the  Primacord  under  the  material.  Bend  the  Primacord 
just  inside  the  grommeted  hole  as  needed.  See  Figure  i, 

.Gather  the  neck  of  the  inner  conductive  bag  around  the  Primacord  :  \ 

and  initiator  leads  and  apply  a  tape  wrap  to  seal  the  bag  opening 

around  them.  Repeat  with  the  outer  bag.  ;i\  4  U 

Place  about  100  gins,  of  additional  Sorbeads  inside  the  pail  on  top 
of  the  bags,  then  install  the  pail  lid  and  crimp  down  the  latching  ears. 

Remove  the  paint  from  an  area  about  2"  x  2"  just  below  the  grommet. 

Wrap  the  Primacord /initiator  leads  with  aluminum  foil  to  a  point  about 
IS”  from  the  grommet,  and  ensuring  the  wrap  is  at  least  three  layers 
thick,  secure  the  wrap  with  tape.  Tape  a  bonding  strip  at  least  three  layers 
thick  from  the  P rimacord /lead  wire  wrap  to  the  exposed  pail  wall.  Secure 
with  tape  to  provide  a  grounded  connection  from  the  wrapped  leads  to  the 
metal  can.  ‘  •>:  ■'  /'C  •  S'fivU  .:  /•  T-  ',«C,  44  ' -.y.  :;::U  .-/ti  44,'.  4/' 

;  .  .  ..  ..  •>  -  ;  y .  >  *  r  .  .  ••  •  •  u,  •  ;  _  -  i  •  •  ■ : . • : 

Coil  the  remaining  Primacord  and  initiator  leads  and  wrap  in  aluminum 
foil  to  completely  enclose  them.  Fold  all  ends  at  least  three  times  and 
tape.  Wrap  should  be  at  least  three  layers  thick,  and  should  extend  to  and 
be  taped  into  electrical  contact  with  the  wrap  applied  in  Step  12,  above. 

The  unprimed  container  will  be  prepared  in  the  same  manner,  except  that 
?  no  initiator  will  be  used,  so  Steps  5,  7,  12,  and  13  may  be  eliminated.  Coil 
the  Primacord  and  tape  up.  >  .  •  '  ,  ’  1 

The  remaining  steps  may  either  be  performed  (up  through  Step  19)  in 
7603,  or  at  the  test  site.  ,,  '  ,  ,  1  , 

Place  the  Primed  (donor)  container  near  the  center  of  a  wood  shipping  pallet, 
and  the  live  receptor  container  next  to  it.  Surround  the  containers  with  eight 
containers  each  filled  with  approximately  65  lbs.  of  dry  sard  (with  the  lids 
installed  and  crimped).  Position  these  outer  containers  so  the  Primacord  and 
initiator  leads  come  out  between  them.'  Insert  small  wood  spacers  between 
these  pails,  one  above  the  leads  and  Primacord,  and  one  below. 

'y/'.—yy:  ■  A-38 
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Apply  one  wrap  of  5/8  wide  steel  strap  around  the  outside  of  the  sand 
filled  containers  to  tightly  bundle  them  togcthc r.  Recheck  the  Primacord 
and  initiator  leads  just  prior  to  this  to  assure  they  are  still  protected  and 
properly  positioned! 

Place  one  sand. filled  container  (each  containing  65  lbs.  of  dry  sand  and  with 
lids  installed  afid  crimped)  on  top  of  each  of  the  ten  bottom  containers. 

Apply  a  steel  strap  around  the  outside  of  them  to  tightly  bundle  them  together. 

Apply  strapping,  .^s  , shown  ih  Figure  1,  to  hold  the  top  bundle  against 

the  bottom- one,  arid  tb  hold  the  bundles  against  the  pallet.  ,  ,  1  , 

Tape  the  initiator  leads,  and  the  free  end  of  the  PrlnVacbrd,  with  its 
lead  witness  plate  (5"  x  5"  x  3/l6"l,  to  the  outside  of  the  assembly 
where  they  won’t  interfere  with  handling  and  transoortation.  . 

.-..Testing  of  the  assembly  will  generally  be  as  follows: 

Transport  the  test  package  to  the’telst  area  (Snake.'Pit)  and  position  v- 
on  the  gravel  pad  )U St  above  the  card  gap  test  area!  .  1  < 

a'  ;-.'?;;  ;y.j;  '  '  ;  ''■h’f  - . !  '  ,,,y  ’  y  ;  :  .  - 

Rerrpve  all  transportation  vehicl-  s  (truck  and  fork  lift)  from  the  area. 

Remove  the  aluminum  foil  v.-rap'Trbrt-i  thb  coiled  Primatora  and  leads, 

Unroll  the  Primacord  and  place  the  witness  plate  ori  the  g round  as 

far  ’from  the  test  package  as  jossiblo.  Place' rand  bags  over  the  witness 

plate  and  Primacord  to  prote>f  it  and  prevent  it  from  being  lost.  1 

Unroll  the  initiator  leads  ana  extend  out  as  far  as  pos sible  toward  the 
firing  circuit  clips.  ' '  ;r,'yy  y  .Vi!  .y-  V' 

Take  photographs  of  the  test  package  in  its  test  position.  -vj-  '  ■ 

Clear  the  area  except  for  the  person  to  arm  the  device!  ,  ;  ^  ' 

Verify  that  both  ends  of  the  firing  circuit  are  shorted  and  the  initiator 
Teads"  are~ihorteJ.  ..... 

.'•*  *“  *  **  **,*'.'  b 4 A  >  •  :v .f  *11$,':’- •  "A '  '  V- 

Unshort  the  firing  circuit  leads  at  the  test  site  and  spread  apart  as  ,  y. 
far  as  possible.  Unshort  the  initiator  leads  and  connect  to  the  firing 
circuit  leads.  Make  certain  the  leads  are  adequately  protected  against 
shorting  out  by  allowing  sufficient  air  space  or  by  taping..  , 

Return  to  the  bunker  and  ensure  the  test  area  is  completely  clear  of 
;  personnel  and"  vehicle  si  ”"7  *<{■' yV;.’ 

Sound  warning  horn.  >:  ,  *  f 


initiate  the  test  by  unshorting  the  firing' fcircuit  (at  the  bunker  end) 
and  touching  the  bare  leads  across  a  24  to  36  Volt  battery  circuit. 

Wait  at  least  5  minutes,  then  (if  test  initiated)  sound  "all  clear." 


Take  photographs  of  the  test  site  after  the  test,  and  make  written 
description  of  condition,  locate  and  photograph  condition  of 
witness  plate.  '  <  !  -  ,  ,  t 

if  crater  exists,  measure  and  record  its  dimensions.  " 

Record  any  other  pertinent  information  concerning  expl  .sive  effects. 

b'nrcacteri  Prirhacord  should  be  gathered  up  and  disposed  of  Uter  by 
initiating  with  a  blasting  cap,  fallowing  the  general  procedure  for 
lead  column  or  Card  Cap  Tests  (Procedure  No.  00000-1338-40!  or 
00000.1355.402,  respectively).  •  _ •  • ..  f1'.  ■  o.  : 


NOTE: 


When  transferring  U FAP  from  on^contairu^lo 
a c t  uaT ' UFA P" c d n t  a  Aer V muff b c o  un  Jc  J  t  o  g  e Eh  e  r  or_  to  _a_ 

conwon"groun3“pc|r"  proce^urc_[;Electricaj^roundms_.  1 


Bag  Neck 
Sealed  with  Tape 

^■Sorbeade 


Conductive 

,  Waal  tic  y 
Bag*  / 


Sealing^ 

Compound 


5  Gallon  Steel  Pail 


Test  Material 
(10%  UPAP/30% 
Sorbeads) 


Squib/ Black  Powder 
Initiator  Charge 


Squib 

Leads 


Primed  Test  Container 
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EXTERNAL  HEAT  TEST  ON  UFAP  SHIPPING  CONTAINER  ....  ; 

■■•r-  This  test  is  to  be  performed  to  simulate  a  condition  where  shipping  ^  _ 

-  containers  loaded  with  UFAP  materials  are  completely  enveloped  in  a  hot  fire. 
For  this  specific  test,  six  fully  loaded  shipping  containers  will  be  banded 
together  in  a  sineie  layer,  two  bythree  on  a  side,  with  steel  packing  straps. 

The  package  will  be  placed  on  top  of  a  prefabricated  wooden  crib  such  that  the 
containers  are  approximately  30  inches  above  the  ground.  The  interior  of  the 
crib  will  be  filled  with  combustible  material,  such  as  scrap  lumber  and  sawdust. 
This  material  will  then  be  saturated  with  approximately  50  gallons  of  JP-4 
or  diesel  fuel.  Ignition  of  the  combustible  material  will  be  accomplished  from 
a  remote  location  by  way  of  two  initiator  packages,  one  each  oh  opposite  sides 
of  the  crib.  The  initiator  packages  will  consist  of  an  electric  squib  and  two 
ounces  of  smokeless  powder,  suitably  packaged  for  use,  or  other  acceptable 
ignition  means,  as  supplied  by  the  Igniter  Section.  Still  photographs  will  be 
taken  before  and  after  the  test  td  shovy’ the  results.  Physical  measurements 
■  of  craters,  missile  locations',  etc.  will  be  made  as  needed. 

The;test  conditions  and  requirements  are  as  specified  in  Chapter  4 
of  DSAR  8220.  1  (TB  700-2),  Explosives  Hazard  Classification  Procedures, 
and  specifically  Part  4. (minimum  test  criteria  for  bulk  propellant)  of  Table 
4,  bn  page  15  of  that  document.  -  •  :  ‘  ^  <  '  ' 

Preparation  and  initial  assembly  of  the  test  components  will  be 
performed  at  Thiokol,  per  this  procedure.  Final  assembly  and  testing  will 

be  accomplished  at  the  Arsenal  Demolition  Area,  under  the  direction  and 

;  control  of  the  range  operating  personnel  of  the  Explosives  Division,  MICOM. 
Thiokol  personnel  working  at  the  Demolition  Area  shall  be  at  all  times 
regulated  by  the  safety  regulations  and  limitations  specified  by  the  Explosives 
Division.  :V/;v  /.  \  'V  1;* "  ’•( 

-/  ;v  \  7  >.{  T.  V  ,  ,  •  ;•  J  V,  "n.  .  .■  .  '  ' 

Preparation  of  Shipping  Container  Test  Package 

1.  Prepare  six  each  shipping  containers  of  UFAP  per  the  following: 

a.  To  a  clean,  dry  5  gallon  steel  pail,  install  two  conductive 
plastic  bags,  one  inside  the  other,  as  internal  liners. 


RSD-37  (3691 
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b. 


c* 


d. 


e. 


f. 


g- 


Charge  a  ^ell  bleftded  mixture,  consisting  of  10.00 
lbs.  of  freeze-dried  UFAP  of  nominal  0.5  micron  WMD 
a:hd  4.L9  i&s.  Sorbeada  ( silica  gel  desiccant) ,  to  the  Inner 
plastic  liner. 

Seal  the  nick  of  the  Inner  lifter,  taking  care  to  exclude 
as  much  air  as  possible,  with  tape.  Seal  the  outer  liner 
in  the  same  mafther.  ,  .  y 

P»it  about  100  granis  of  Sorbeads  iftAide  the  pail,  loose 

on  top  of  the  plastic  pail  liners.  $ 

Install  the  pail  lid  and  crimp  down  the  lid  eats  with  plier 
or  other  tool,  to  provide  a  tight  seal. 

Apply  a  single  wrap  Of  paper  or  plastic  tape  over  the 
outside  of  the  lid/pail  joint.  ...... 

Label  the  container  appropriately. 


2. 


Assemble  the  six  loaded  containers  in  a  rectangular  a*  y, 
two  by  three,  and  band  together  with  5/8  inch  wide  steel 

oa-king  straps.  One  strap  should  surround  the  array 

horizontally;'  while  other  straps  should  be  applied  vertically 
to  hold  the  columns  together. 


3. 

4. 

5. 

y  ’  Jij 

6. 


Obtain  a  woodeft  crib,  constructed  of  2  x  4  lumber,  of  such 
dimensions  to  support  the  banded  package  approximately  30 
inches  above  the  floor.  .  .  .V-  .  » 

^G^fti^rgf^htity  ot  scrap  lumber  -  2  x  4's,  2  x  2's,  2  x  l»s, 
etc.  And  a  Cubic  foot  oft  more  of  oven-dried  sawdust. 

Obtain  a  solvent  drum  <55  gallon)  filled  with  «)ther  *P-4  fuel  or  . 
diesel  fuel  oil,  or  similar  combustible  fuel  oil.  The  drum  must 
be  equipped  with  an  approved  dispensing  valve  and  breather  vent. 

Arrange  foir  two  initiators  to  be  prepared  by  the  Igniter  Section, 
each  to  be  equivalent  to  aft  electric  squib  and  two  ounces  of 
smokeless  powder.  .v. 

On  the  day  scheduled  for  the  test,  perform  the  following  operations: 

7.  Transport  all  the  imterials  for  the  test  assembly  to  the  Arsenal 
•  Demolition  Area. 

NOTE:  Three  individual  trucks  or  truck  loads _must _be_  used,  as 

'  either" the  UFAP  fonta  iner  s_  orthe  fueloil._  - - 

may  "not  "be  carried  on  the  8  a  m  e_  v  eh  l  c  1  e_  o  r  Jo  a  da  a  _t  h  e_  UF A  P_  _  , 

V^rc^;m«ikg  the  DemoUtionAreamu.t  stop 

— 

A-43 


S' 


•  ^  »©&£  c!tC  s..je^  <0c  £eoe%  ScOc'tf^ilS  oV^r  <$£*!&  ^ 
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at  Building  8404  and  obtain  permission  to  enter  the  area 
and  to  have  the  test  site  specified.  ,''  >  ■  ' 

8.  Assemble  the  test  components,  on  a  9itc  designated  by 

the  range  operating  personnel.  Figure  1  gives  the  proper 
assembly. 


■  9.  When  all  the  wood  and  sawdust  have  been  charged  to  the 
.•'•crib,  obtain  before-test  photographs  of  the  assembly.  !:i; 

'  4  i.  >;s>  '  V  ••  "  'U-  G;-'  k  .:r  !k£"~-kv/-  'k-k-k' " 

10.  Using  five  gallon  buckets  or  pails,  carefully  transfer  the 

fuel  oil  from  the  solvent  drum  and  pour  into  the  crib  to 
saturate  '.he  scrap  lumber  and  sawdust.  It  may  be  necessary 
e  to  trench  around  the  base  of  the  crib  to  contain  any  excess  oil.  o 

NOTE:  Ground  the  transfer  buckets  to  the  oil  drum,  per 
"Electrical  Grounding",  when  discharging  the  oil  to  the 
buckets.  “  *  ""  ”” 


11.  Position  one  initiator  within  the  crib  on  one  side,  and  weight 
!  it  down  with  some  of  the  lumber.  Position  the  Other  in  a 

similar  way  on  the  opposite  side.  Extend  the  lead  wires  out 
toward  the  firing  circuit  line,  as  directed  by  the  range  operating 
■  personnel.  '•G'fekG \V-:  'Git :  y&y'' -y&y "kivkh-k y  5 

;.‘v i  .  ,  s-  •  ^.v..  f  ‘v.%  l-i/ ' ■? ••••■’ '  •/,«* "-.V • 

NOTE:  The  initiator  leads  must  remain  shorted  at  all  times 
up  to  the  point  of  actuafconnectiorfto  Tlie  fir  nig"  circuit” 

12.  Obtain  one  last  before-test  photograph,  showing  the  location 
■  sV-."  of  the  initiators  and  the  fuel  oil  saturating  the  crib. 

13.  All  Thiokol  personnel  must  retire  at.  this  time  to  a  sui+able 
observation  area,  as  designated  by”t5ie  range  operating  personnel, 
for  tfie  remainder  of  tK"e  test.  “Range  op eraUng'per sonnel  wilf 
perform  the  remaining  functions,  per  their  own  standing  operating 

•  procedures,  to  initiate  the  test. u  ’  1  u 

14.  When  the  range  operating  personnel  sound  the  "All  Clear"  after  1  . 

the  test,  return  to  the  test  site  and  inspect  the  after-test  conditions 

15.  Obtain  after-test  photos  to  record  the  extent  of  damage  that 

occurred,  if  any.  '  / 

16.  If  any  cratering  occurred,  determine  the  physical  dimens  ions 

and  prepare  a  sketch  giving  the  details.  * 


A-44 
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17.  Jf  any  objects  aife  thrown  outside  the  area  covered  by 
photographs,  prepare  a  missile  map  describing  the 
distance  from  the  test  site,  the  weight  of  the  object, 
and  the  description  bf  the  object  itself.  f 

18.  Aid  range  operating  personnel  in  cleaning  up  test  site, 

as  needed.  ,  ... 


When  transferring  UFAP  from  one  container  ^another .^he^ 
a c tual"£l  f\£ P~ c ontain "ersTmu st* E  e  ”g rountTeJ  to  g e th e r  or  to  a 


Common  groun3  per  procedure  ^Electrical  Grounlin^.  " 


ASSEMBLY. OF  COMPONENTS  FOR  EXTERNAL 


EXPLOSIVES'  HA tk 
CLASSIFICATION  PROC 


Departments  of  the  Army,  the  Nary,  and  tie  Air  Force,  am 
Defense  Suppl,  Agency,  Washington.  O.C.  1 

.  ’  ,  22  January  ISvS  :  ^V',’;  ;j 


TB  700-2/S"AVORDI NS  rJ'020.3/TO  1 1  A-l-47.-D.SA K  S'J20. 1,19  May  lOj.T,  m  ciwnpcc  a, 

1.  All  refefenW-K*  the  Ir.irrst  Ue  C..i'.in»c*re  Commission  (lC'C"i  »lmuid  be  ehahgcd  t*.  Dep.utmeht 

of  Transportation \UOT>.  •'  t  "  ■“  '''I  • 

2.  T,i'je  11.  lW.i.-rapi.  •'•••i:k(2)  is  redesignated  3-Ua(2/\a).  ,  j  ’  •  '  . 

3.  Panirr.u>!i  A-in,a’.2)(i.  U  Wd.’.cd  ns  follows:  Igmtion'rtnd  tiiiconnncd  l.nniins  tost  pioduce#  a 

■  (r)  is  superseded  at 'follow  I.ninon  and  untvhfined  lUmng  test' did  nit 

result  in  an  explosion.  r.  te-.r'v  \.:.v  y  ■■■■'<. 


TACO  T0!A—  J»». 


A-4  ? 


ejt  art; 5  »*c«  ft,  C(S  -!>«•  °o* 


>>'e0  ^  „  -o  O  o ;  <«?£, •>«.  V »•  o  -  ^?o V> * 


D  «*  igV  *  e'?*  ’^‘*0®  o’v'5  O'  C>  -  ®0  <*"<■?  A  a6  ? 


.  O  f«  <V  c  „•->•?  ,c  .  cC\-  Cf  v^’CfTc-  f^Ao'vjfV^  O  ‘  cc  WP  <f*  e  c..'V  .£&  c  ^f° o'"  C  '  e*~  9  &  «f: 


iT-  t  o'  c  ■ 


'A'  ;:•-  •'.  '.  ;"  -V  -:'  :  '■  ,.7;  j"  ■■  tt  V.  Mf  #**/.  /. 

■■  ■.;■■  AAnYAAA  ^  >  AAA  *>'  ' { ;•.  / f- i.-. i'.-A 

i;-  YA"  »  ’  )•  v.f  '  •'  t.'.-r  ft<'  I  ;• 

.,  >■  ,  •  ,■•<  iiV.W.  W  i  •■•:  -1.1  Jc  - 1  l.  w/,1.  •<  \  . 

>A  M'M  '-.faj-'h  %  •?  r-  f  pi 

iP-£:v\v-  ^ :  1 1*  Aii'A/ 

RCPry  rbrtrt  f 

.  '  '  LlbiiU  'CAAljin  ii 

U  ;■;?  A !:T A". PI , Y ,  O?  TU  G  AT: /A  V  Y i:  C  MT4  !  CAT  :  15  tJ  LlJtl  IT 

r;  b  r  a  n  Y  w  Y  ti  V  opt  i  ;  i?  ivs  a  v  y  "  pub  l  icatio  it 
ii  A  ii  v  Av::iv  v  ,oiv‘ Anr  fp  r:  cT-  rue  t:  w  i  c  a  i  .o  no  nr* 
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CHAPTER  3 


MINIMUM  TEST  CRITERIA  FOR  EUHC  KtPtOSIVE 


COMPOSITIONS  AMD  SCUD 

;  .3-1.  Introduction.  oi  Tests  in  this  Chapter 
are'  intended  to  develop  data  on  the  stability 
and  sensitivity  of  new  compositions  of  bulk  ex¬ 
plosives':  and  solid  propellants.  Such  date  is 
required  in  order  to  determine  that  these  com¬ 
positions  are  safe  to  handle,  transport,  and 
store.  ■  _/  "  - " 

b.  These  tests  are  conducted  on  laboratory 
,  samples  of  material.  The  sample  weights  or 
dimensions  listed  are  tire  minimum  upon  which 
conclusions  inay  be  drawn;  however,  it  is  sug¬ 
gested  that  smaller  samples  be  tested  to  give 
preliminary  indications  oi  the  hazards  to  be 
'cncbftntercd.  *  i 

;  3-2.  Scope.  This  chapter  includes  those  tests 
required  to  assign  hazard  claMificntioris  for 
litrr.iisportation  of  the  bulk  composition.  Those 
tests  must  be  conducted  prior  to  shipment  in 
commerce  of  any  explosive  or  propellant  com¬ 
position  other  than  "Laboratory  Samples”  as 
specified  by  current  ICC  Regulations. 

3-3.  Classification  of  End  Heins.  Procedures 
Jn  chapters  4  and  6  must  be  followed  in  the 
assignment  of  the  transportation  and  storage 
classifications  to  end  items  containing  the  ex¬ 
plosive  or  propellant  composition  except  when 
an  analogy  can  be  established  with  other  items 
that  are  properly  classified  and  identified,  i 

;  :'i  3-4.  Recording  of  Data.  The  results  of  tests 
performed  under  this  chapter  arc  to  be  re¬ 
corded  in  a  manner  similar  to  that  shown  in 
figure  1. 

3-5.  Instrumentation!  Due  to  the  limited 
quantity  of  material  involved  in  these  teats, 
instrumentation  to  record  peal:  pressure,  im¬ 
pulse.  and  temperature  as  well  as  high  speed" 
photography  may  be  eliminated. 

3-6.  Equipment.  The  following  equipment 
is  required  for  tests  under  this  chapter:  >  v 


PROPELLANT  COMPOSITIONS  r 

a.  One  Bureau  of  Explosives  impact  ap¬ 
paratus.  Drawings  are  available  at  the  Bureau 
of  Explosives,  Association  of  American  Rail¬ 
roads,  63  Vcsey  Street,  New  York,  N.  Y.,  10007. 

b.  One  ventilated  explosionproof  oven  cap¬ 
able  of  maintaining  a  temperature  of  75°C  or 
above  for  a  period  of  48  hours.  The  oven  will 
bo  equipped  to  continuously  record  the  tem¬ 
perature.  Dual  devices  for  control  of  tempera¬ 
ture  should  be  provided, 

7 c.  Number  8  electric  blasting  Cap.  or  caps 
of  equivalent  strength  as  required.  A  number 
8  blasting  cap  is  defined  by  ICC  as  one  contain¬ 
ing  2  grams  of  a  mixture  of  80  percent  mercury 
fulminate  and  20  percent  potn  tsium  cbloihte.  ' 
"<,jL  One  blasting  machine  or  equivalent  for 
initiating  electric  blasting  caps.  . 

e:  Kerosene-soaked  sawdust  sufficient,  fof 
three  beds,  1-foot  square  and  Vi  inch  thick. 

/.  Electric  match-head  igniters  as  required. 

g.  Solid  lead  cylinders  Ii/fc-inch  diameter  by 
4  inches  high  as  required. 

h.  One  piece  of  mild  steel  plate  SAE  1010 
to  1030,  Vi  inch  thick  by  12  inches  square.  : 

».  Mild  steel  plates  (SAE  1010  to  1030)  6 
inch  x  6  inch  x  %  inch  a3  required. 

j.  Tubing,  Modi,  cold  drawn  seamless,  mech¬ 
anical,  composition  1015,  1%  inch-OD,  0.219 
inch-wall  thickness  variations  ±  10  percent  ac¬ 
ceptable  by  5  >/i  inches  long  as  required. 

k.  Cellulose  acetate,  or  equivalent,  cards,  2 
inch  diameter  by  0.01  inch  thick  as  required. 

:  {.  Wire  (demolition  cable)  as  required  for 
connecting  blasting  machine  io  electrically  in¬ 
itiated  items. 

m.  Engineers  special  electric  blasting  caps 
(J-2)  as  required.' "  * ; » .j\; V !i'/; ; '  \/  .■ ;  )*!  p  7; 

;  3-7.  Test  Semples.  The  following  test  sam¬ 
ples  are  required  for  this  chapter  : 

a.  Twelve  samples  2±  Vi-inch  cubes. 


fj.it  eh 


Fragmented 
Yes  No 


Explodi  <1 
Yes  Ko 


Bttrhed 
Yes  Me 


Exploded 
Yes  Ko 


Average  Burning  Time 
Seconds 


Irrrit  ion  &  U  neon  fined  Burning  Test 


One  2- inch  cube 
One  2*inch  cube  ;  ' 
Four  2*inch  cubes 
Samples:  Six  2-inch  cubes. 

Thermal  Stability  Test 


Test:  Ignite  ft  turn  uriconfihed.  v. 

Ignition  Change  in  Configuration 

:  '  Yes  Ko  ^Yes’  ‘V  Ko  « 


Explosion 
Yes  Ko 


Test:  48  '*ours  r.t  75*  C.  in  vented  oven. 
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BOD  Approval 
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ICC  Restricted*  •  ;  - 

ICC  Class  A  -  Title  ; - 

ICC  Class  B  ± 

-  Organization 

•Shipping  Instructions  arc  to  be  requested  from  ICC  (para  3-13a(2) 
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No.  of  Trials  Kxhibitinj: 
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Flame  and 
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No  Noise 
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No  Noise 

Explosion 
Flame  and 
Moisc 

Recomposition 

Smoke 

No  Noise 

No  Reaction 
ilo  Smoke 

No  Noise 
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6.  Ten  10  nig  (approx)  samples  suitable  for 
usb  in  the  Bureau  of  Explosives  impact  ap¬ 
paratus  (0.20  in.  :t  .02  in.  diameter  x  0.10  in. 
it:  .02  in.  Ion]').  '!'- 

c.  2-inch  diameter'  by  l-inch  long  '  pressed 
pentolite  pellet,  Federal  stock  No.  1375-901- 
8891  as  rc(|uire;l  (para  5-lc).  .7. 

</.  Samples  sufficient  to  fill  12  each  of  item 
5-0;  alv.ive  (para  8-i2n(2)).  ; 

3-R.  Detonation  Test.  a.  Place  one  lead  cylin¬ 
der  (2-0;;)  upon  the  steel  plate  (3-0 h).  Place 
a  No.  8  blast  ini'  cap  (3-Cc)  perpendicular  to 
and  in  cont.  ~t  With  a  fiat  surface  of  the  2-inch 
cube  sample  (5-7n)  which  is  then  placed  on 
top  of  the  lead  cylinder.  A  2- inch  diameter 
weed  block  with  a 'hole  drilled' in  its  renter 
similar  to  that  shewn  in  future  2  may  bo  used 
for  positioning  the1  biasting  crip  Deformation 
(imir.hroaminel  of  the  lead  cylinder  will  be 
considered  as  evidence  of  detonation.  Conduct 
this  <(M  a  minimum  of  five  timer.,  or  until  de¬ 
tonation  occurs,  whichever  is  the  least  number 
of  tests.  ,,  ■  *  .'2.  ■  ;  .  'J l 

b.  Data  from  this  test  will  be  recorded  under 
Detonation  Test.  ,  '  c-  ■ 

3-9. . Ignition  and  Uncontiried  Burning  Test. 
a.  Place  »  2-inch  sample  (U-7n)  oh  a  bed  of 
iccroselK'-soaliod  L.-.Wdttst  (3-6c) ,'  and  ipnitc  the 
aawdnxl  with  nir  ciictric  match-head  igniter 
(3 -G/).  Perform  this  test  twice.  “  ^  "  .  < 

.6.  Place  four  2- inch  (3-7a)  samples  end-to- 
end  in'  a  i'inglc  row  in  contact  With  each  other 
on  a  Single  bed  of  kerosene-soaked  sawdust 
;  (3-Gc)  aiid  iirr.itelhe  tawdus;-  with  an  electric 
match  head  ignfter  XS-C/)  at  one  end.  - 
e.  Record  result.-,  under  Ignition  and  Uncon- 
finod  Burning  Test.  '  •  f 

3-JO.  Thermal  Stability  Test.  c.  Place  one 
2-incli  sample  (3~7«)  in  constant  temperature 
cxplosionproof  oven  (3-06).  Raise  the  tempera¬ 
ture  of  the  oven  to  75'C!  and  maintain  the 
temperature  at  75°C.  for  a  period  of  48  hours! 
Those  temperatures  will  be  continuously  re¬ 
corded.  Constant  observation  in  not  required. 

b.  Record  results  under  Thermal  Stability 
Test!  -  7'. 

3-11.  Impact  Sensitivity  Test.  a.  Conduct 
ten  individual  tests  using  one  sample  (3-76) 
per  test  in  the  Bureau  of  Explosives  impact 
apparatus  (3-Ga).  .  . 

6.  The  sample  (3-76)  is  placed  in  the  icup 
assembly,  the  Weight  is  then1  dropped  from  the 


desired  height  fi.e.,  3%  or  10  in.)  Observe  re¬ 
sults  to  supply  data  as  required  under  Impact 
Sensitivity.  ;7  ;  ,  ^ 

e!  Use  cleaning  equipment  as  required  to 
thoroughly  clean  and  dry  the  anvil  and  cup  as¬ 
semblies  of  the  impact  apparatus  prior  to  each 
test.  Apparatus  must  bo  at  ambient  tempera¬ 
ture  (room  temperature)  2!>CC.  it  5°  prior  to 
each  test. 

d.  Cher’:  that  the  equipment  is  properly 
leveled  and  replace  the  tools  when  worn, 

3-12.  Card  Gap  Tent.  a.  Materials  required 
for  each  test  are  ns  follows: 

(1)  One  each  tubing  (3-6/). 

(2)  Sample  (3-7 d)  cast  intc  or  machined 
to  fit  into  above  tubing. 

(3)  Two  pentolite  pellets  2-inch  diameter 
by  1  inch  long  (3-7e). 

(4)  One  Engineers  Special  Blasting  Cap 
.  J-2  (3-Cw).  '  .yk 

(5)  One  steel  plate  G  inch  x  6  inch  x  % 
inch  (3-Gi) . 

'!''':y:';;*<6)  Cellulose  acetate,  or  equivalent,  cards 
2-inch  diameter  x  0.01  inch  thick 
/V.-'  i(3-6fc) .  •  .  ' 

'  (7)  Four  pieces  of  plastic  tnaterixl  1/10 
,*  ,  -  inch  x  i,$  inch  x  %  inch. 

b.  Test  configuration.  The  components  of  the 
test  are  arranged  in  the  following  mariner*; 'The 
'.witness'  pla.tc'is  supported  bh  two  'edges ‘par¬ 
allel  to  arid  approximately  G  inches  above  the 
ground  surface.  Four  small  pieces  of  material 
1/16  inch  x  l/>  inch  x  \’i  inch  are  placed  Oh  the 
plate  to  support  the  pipe  containing  the  test 
sample,  ami  maintain  the  1/16  inch  air  gap, 
which  should  not  overlap  onto  the  propellant v 
or  explosive.  The  air  gap  'between  the  acceptor 
and  witness  plate  should  be  free  of  solid  ma¬ 
terial.  The  tent  sample  is  to  ba  located  approxi-  j 
mately  in  the  center  Of  the  witness  plate.'  The 
pentolite  booster  is  then  placed  on  top  of  and 
in  contact  with  the  sample  at  the  top  of  the 
pipe  and  the  J-2  blasting  cap  attached.  The  ar- 
1‘angoment  of  compor.cls  for  this  test  is  similar 
ito  that  shown  in  figure  2  except  the  cellulose 
acetate  cards  and  the  cardboard  tube  avc  Omit¬ 
ted  in  this  test.  Detonation  is  indicated  When  a 
clean  bole  is  cut  in  the  witness'  plate.  The  test 
sample  and  explosives  booster  are  to  be  at  a 
temperature  of  approxima'el.v  25°C.  :t  5°  at 
time  of  test.  Should  no  detonation  occur  in  the 


Fcntolito  Eoostcr 


firM  test,  it  will  be 'repeated  two  time?  for  a 
total  of  three  tents,  if  detonation  occurs,  pro* 
cce<!  to  pariigrajih  3-12c.  1  *'  * , 

C,  the  following ‘(e'Sts  arc  to  bo  performed 
when  the  test  sample  detonates  in  the  above 
jests  (3-1 2b)  .  If  no  detonation  of  the  test  Kami 
pic  occurs  in  the'iibovi;'  tests,  this  test  will  not. 
be  performed,  .  r. 

(1)  The  test  samples,  high  explosive 
boosters  and  witness  plates  Used  in' 
these  tests  are  as  Riven  in  paragraph 
3-12a  hbovc.  The  atter.oation  cards 
used  arc  0.01-inch  cellulose  acetate 
sheet  or  equivalent  (3-6 .V).  These 

;  -  tests  are  to  be  conducted  with  the 
test  sample  and  booster  at  a  tem¬ 
perature  of  approximately  25*C.  ±  5’ 
throughout.  The  test  setup  is  as  shown 
iin' figure  2.  The  cellulose  acetate  cards 
should  be  held  firmly  but  not  pressed. 

i  \  •'  t  i, .  j., V -  ' n-  .. 

(2)  The  first  test  to  be  performed  will 
;.  utilize  8  cards;  if  si  detonation  occurs, 

the  number  of  cards  will  be  doubled 
‘  4  ;  .  (i.c.,  1C  cards)  for  the  second  test. 

V.  ?,  ..If  no  detonation  occurs  reduce  the 
number  of  cards  by*  one-half  (i.e.,  4 
cards).  Doubling '6f  thcnuVhbbr  of 
•  (  :  i' .  cards  will  bo  continued  in  succeedin'? 

-tests  until  no  detonation  occurs.  When 
a  number  of  cards  is  reached  that 
^prevents'  detonation,  the  next  test  will 
l50  with  the  number  of  cahls  reduced 
by  lialf  the  preceding  increment  of 
,  increase  (i.e.,  if  detonation  occurs  at 
32  cards  but  not  at  64  cards,  the  next 
test  will  be  with  48  cards).  If  detona¬ 
tion  occurr,  at  the  reduced  number  of 
cards  (48  cards  in  the  example  cited 
above)  the  number  of  cards  in  the  next 
V?3yJ:  test  will  be  increased  by  one-half  the 
.preceding  increment  (i.c.,  from  48  to 
66  cards),  etc.  This  procedure  will  be 
followed  until  the  point  of  60  percent 
probability  of  detonation  Is  obtained. 

.  If  the  card  gap  sensitivity  of  a  similar 
propellant  or  explosive  composition  is 
known,  testing  should  begin  at  Ap¬ 
proximately  that  number  of  cards. 


(3)  r>  donation  is  indicated  when  it  clean 
hole  is  cut  in  the  witness  plate.  The 
measure  of  charge  sensitivity  i3  the 
length  of  attenuation  (pap  length)  at 
which  there  is  CO  percent  probability 
of  detonation  according  to  the  above 
criterion.  The  charge  sensitivity  will 
be  expressed  in  terms  of  number  of 
■  ’  '■  6.01 -inch  cards  necessary  lor  the  50 

percent  value  between  detonation  and 
no  detonation.  Normally,  a  maximum 
of  42  tests  will  be  required  to  deter¬ 
mine  the  50  percent  value.  (See  A-9, 

■  .  appendix  A.)  :v  -  ,  '  ■ 

3-13.  Interpretation  of  Results,  a.  For  ICC 
and  military  purposes,  results  Of  chapter  3 
tests  will  be  interpreted  as  follows : 

'  ?.f  j[l)  ICC  ’‘Forbidden"  if  the  following  oc¬ 
curs:  Thermal  stability  test  results 
.  o  in  cither  an  explosion,  burning,  or 
marked  decornposiiion  of  the  sample. 

(2)  ICC  Restricted.  Compositions  with  an 
explosive  impact  sensitivity  of  less 
than  4  inches  of  drop  height  (3-11) 
will  not  be  shipped  until  shipping  in* 

gi  struction3  have  been  requested  and 
deceived  from  the  Interstate  Com¬ 
merce  Commission.  .  ?  ,• 

(3)  ICC  Class  A-(Military  Class  7)  if 
'v*'  one'  nr  more  of  the  following  occur: 

(a)  Detonation  and  card  gap  tests  has’C 
;t  S  '  '(  determined  a  detonation  sensitivity 
‘  value  of  70  or  more  cards. 
ykfi  ( b )  Impact  sensitivity  test  produces  an 

!  .  explosion  above  4-inchcs  of  drop 
-  height.  ■ .  "  ,  ■ 
.  (c)  Ignition  and  unconfined  burning 

test  produces  a  detonation. 

(4)  ICC  Class  B-(Military  Class  2)  if  all 
of  the  following  occur  : 

(а)  Ignition  and  uhconfined  burning 
a  il’.  $  tests  did  not  result  in  an  explosion. 

(б)  The  Thermal  Stability  Test  did  not 
result  in  an  explosion,  burning,  or 
marked  decomposition.. 

(c)  Detonation  and  card  gap  tests  have 
indicated  a  detonation  sensitivity 
yaluc  of  less  than  70  cards  or  no 
reaction  at  scro  .cards. 


A-53 


;  Ccfst»  -  Oc®C»Ot*>  o  erf'  0°©°o  <?  fccfcfe6  •' 


minimum  test  anvil 

IGNITERS,  fv'Air 

AKu.uihiWidw,  rvv.al 


111  A 


4-i.  Introduction.  Tn 
arc  intended  to  develop 
ape  and  'traHsjmrtation 
munition  items  may  I'C 
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and  devices,  cor  -.ining  4blid  propellant,  except 
as  indicated,  arc  to  lr  tested  in  accordance 
with  chapter  5.  The  following  test  criteria 
will  be  used  in  the  dev<  lopment  of  test  opera¬ 
tional  plans  for  indicated  ammunition  items. 
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|e  tests  in  this  chapter 
datii  upon  which  stor- 
classificatldns  'of  am- 
based.  Rocket  motors 


.  Tabics  1  through  4 
ests  to  be  conducted, 


;  ;;<j— 2.  Number  cf  Tostjs 
indicate  the  minimum  . 
however,  additional1  tests  should  be  performed 
when  a  greater  level  of  confidence  is  required 
for  .specific  applications!  4,  3  -  . 

.  4-3.  Use  of  Additional  Items  in  Tests.  Many 
of  tiic  items  to  be!  tested  under  this  chapter' 
will  be  suitable  for  inclusion  in  storage  hazard 
classes  3  through  G  \jdiich  arc  based  upon 
•fragment  dispersion. ;  |The  number '  of  con¬ 
tainers  of  items  specified  for  the  external  heat 
test  in  tables  1  through  4  are  the  minimum 
upon  which  the  classification  may  be  based. 
However,  in  order  to  improve  the  statistical 
value  of  these'  tests,  and  to  more  accurately 
predict  results  of  accidents  under  actual  stor¬ 
age  conditions,  ibe  nfiniber  of  containers!  used 
in  this  test  should  be  increased  whenever 
possible.  |  -■  ‘ 

4-4.  Tests  in  Storage  and  Shipping  Contain¬ 
ers.  All  tests  under  this  chapter  are  to  be  con¬ 
ducted  on  items  In  standard  storage  and  trans¬ 
portation  containers.  S^hould  items  be  stored 
or  shipped  in  more  than  one  type  of  container, 
the  test  series  must  be  Conducted  on  each  type 
of  container  (i.e.,  wood  vs.  metal).  Classifica¬ 
tions  will  then  be  assigned  to  the  item  in  each 
,  type  of  container. 


4-5.  Description  of  Tesin.  In  the  perform- " 
aneii  of  tests  given  in  tables  1  through  4,  the 
■  following  will  apply:  .* 

:  Detonation  “test  A”  (propagation  within 

a  container).  .  •.■!.■■■■  ■  .;v ' .  » 

,  ’4  (1)  Tins  test  is  to  he.  conducted  on  items 

which  arc  packaged  with  more  than 
one  item  in  the  siandard  storage  and 
shipping  container  to  determine  if 
functioning  of  one  item  will  cause 
other  items  in  the  container  to  func¬ 
tion.  ' 

I  '  (2)  The  most  centrally  posU'onod  item 
within  the  package  will  be  primed  as 
*■  .required  in  the  applicable  tsb.c.  , 

(3)  The  primed  item  will  be  fired  from  a 
safe  location.  The  results  of  the  test 
will  be  documented  as  required  by 
,  paragraphs  2— ( 1 ) ,  2-3 b{9.)  (b),  2- 
;.f  <35  (3)  (c),  and  ?A3b(3)(d). 

t  (4)  Test  A  will  be  conducted  the  specified 
number  of  times',  or,  until  cCmmimi- 
•fe  ,  .  nation  to  adjacent  items  occurs, 

.  whichever  is  less.  ,  ;  :  ^  > 

‘ib:  Detonation  ‘‘Test  B"  (propagation  be- 
tweCn  containers).  .  :  Vi'vVJ 

$  (1)  This  test  is  to  be  conducted  to  de- 

termine  if  the  functioning  of  items  in 
one  container  will  cause  functioning 
A  h«f  items  in  adjacent  containers. 

'(2)  If  the  detonation  “Test  A.”  above  re¬ 
sulted  in  no  communication  within  the 
container  or  tlio  outside  container 
was  not  ruptured,  these  tests  ("Test 
W)  maybe  omitted.  ,f!V  \  • 

■■  ;  v  .j  V  '•  WaiVV.  V  jih'  AC0  19J1A 
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(3)  'Tim  ilcrii  in  'the  donor  container  to  be 
•  primed  amt  boostered  in  accordance 
with  tahicM  1  through  C  is  that  Which 
is  closest  to  explosives  in  the  acceptor 
>  container.  This  r.hmihl  assure  sub¬ 
jection  of  acCe|itor  explosives  to  xnaxi- 
■  niutiv  blast  effects  froin  donor  nia- 
teri.  I  1 

('!)  The  nccej.'or' Container  Avjil  be'  pos'i- 
I  ,  -tioned  in  a  wanner  Which  provides 

the  miiiinuini  separation  between  the' 
4  ’  explosive  ebinpo'ricnis 'In  the  two  C6n-  . 
tainers  (i.c.,  container  'of  fuzes  with 
•boosters  will  be  arranged  so  that  the 
boosters  in  one  box  are  immediately 
beneath  those"  above,  and  the  lower 
,  box  will  b;  inverted  in  order  to 
.  have  minimum'  separation  distance'  ' 

v  between  the  boosters).  x  ,  '  "  ' 

1  (5)  The  priificd  ite'nV  will  be  fired  front'  a  v 

safe  location.  The  results  of  the  test 
will  be  documented  as  required  by 
■fi-a '  paragraphs  2-5h(l),  2-35(2)  (!>),%-' 
3h  (3)  (c)  and  2-3f»(3)  (rf)V 

e.  External  Heat  '  Ted  C”  (open  fire).  This'  ‘ 
•test  is  designed  to  simulate  a  condition  where 
■the  cohtainera'of  explosive  items  art  complete¬ 
ly  enveloped  in  a  hot  fire;’  Tables  1  through 
6  require  that  niore-  than  one  outer  shippiric 
container  be  used  in  this. test.  They  should 
be  arrnn.qed  in  a.  comped.  stack,  approxiiiiatinfr 
W  cube,' if  possible.’  a, This 'stack  should  then  be 
secured  with  steel  bands  in  two  directions. 


These  steel  bands  arc  intended  to  maintain 
stackinj;  until  initiation  of  one  or  more  items 
occurs.  They  must  be  incapable  of  signifi¬ 
cantly  affectin':  dispersal  of  fragments.  The 
stack  of  containers  will  then  be  placed  on  a 
crib  of  sufilcient  dimensions  to  hold  the  stack 
of  containers  and  approximately  30  inches' high. 
The  interior  of  the  crib  is  to  be  filled  with 
combustible  material  such  as  scrap  lumber. 
The  crib  and  the  stack  of  items  to  be  tested 
arc  then  covered  with  additional  combustible 
material,  such  as  scrap  lumber,  sufficient  to  in¬ 
sure  a  sustained  hot  fire.  The  entire  mass  is 
then  to  be  saturated  with  approximately  50 
rations  of  JP-d  or  diesel  fuel  and  ipnitrd  by 
such  means  as  an  electric  squib  and  2  ounces 
of  smokeless  powder.  In  order  to  reduce  the 
effects' of  wind  direction,  it  is  advisable  to 
icnite  the  pile  in  two  places  preferably  on 
opposite  sides.  Still  photographs  will  be  taken 
before  and  after  the  test.  Photos  after  the 
test 'will  Clearly  show  ''results  of  the  test.  Re¬ 
sulting  fragments  and  missiles  will  be  identi¬ 
fied  and  their  location  with  respect  to  the.  test 
position  recorded.  :•  , 

d.  Where  sand  filled  containers  are. "spe'eif'cd 
for  confinement  in  tests  B  and  C,  they  will  be 
of  the  same  material  ns  the' containers  Of  the 
items  beliijr  tested.  The  n'idcc,  aiid  top  cf  the: 
container  to  be  tested  will  be  completely  in¬ 
closed  by' the  sand  filled  containers  in  order 
to  provide  coitfuiemefit  similar  to  a  central 
container  In' '  If  large "stack  Of  containers. 


Tabic  I.  tiutiaiuin  7Vs 1  Criteria  For  Ftctcnniinny  Hazard  Classification  0/  Fuzes 


(tncl.ic.tti:*  til  c,  ro-  V.l,  mi'u.k.  h>  tiro- Ini  ic,  tnr|i(l3  e*;.iwlrr  iiiccT.inl-.mt,  mfe  nml  nri.'.int:  devices.  nn-l  InHinlmc  devices  cf  nil 

■■  £  ^  ftyjtftj  J  h  _  'J  >  h„  >  1  '  1 

ypd  of  Info  To  tie  #  ‘gig 

f  :  l:Pct c nr,  in cd  by  Tcs  t  :A.<  . .- f. 

Type  of  Propagation  Within  1 
Container 

Type  of  Propagation  from  1 
Container  to  Another  * 


to  Pacha  pin  p  ‘  ’  i 

With  Booster  Assembled 


Without  Booster 
Without  Booster, 


Types  of  Initiation  To  Obtain 
yjnfo  Outlined  in  Item  S 
-  Detonation 

Externa!  Heat 


'  iTt/PC  ft*i 

Teat  A.  Detonation 

Test  B.  Detonation 

Test  C-  External 
Heat 


’  but  !  Booster 

Determination 

of  Fmcment 

Container 

Hazard 

V;V  .  '• 

itrrm  •  •"'  .<1, 

bfuutlrr  Urns 

-  -'z-r'  f/ut>tler 

pe»  left  ' 

.  ,  \  ,  of  tests  •■■■ 

'  ,  J*n wimp  . .  V 

Boottrr 

,  Co fit t 

Shipping 

,  Ent'r'  Special 

None 

Sand  Filled 

Container 

V  ■  ,-g  •  y.y 

Blastinp:  Cap 

:l  Containers 

1  Shipping 

C 

v,Enc;r  Specin! 

None 

Sand  Filled 

Containers  J  ' 

Blastinfr  Cap 

Containers 

1  Shipping 
Containers 

l 

None 

None  . 

Steel  baiuled 
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/.  Twc 


1  "In  1 1  ft* 
KiMii-n 


ToUc  ?.  Minimum  -ft  it  'Criteria  'for'  Veietii’  uihiff  'Vc.zreit  Ch.^ifedhon  of  ft,  niter* 

wW  »n«i  »n*  s;lc,  run  rtf.) 

?.  /*•  teknyhw 


4  IVr  ronUiiVcr 
More  t hah  1  Pci* 
CoiitaiiuV  .  • 


CLm‘l»ii;::l!oh  of  Any 
of  Above  : 

5.  Mh'.ir\un  Teat  Critesin' 


rive  t.  «f 

Tet-l  A.  < 

polrnatior. 

Tc  t  )V  o 
l>.tr>nnti.m 

SfVsl  C.  External 
lUk  t 


r'iff  «n» 

:  ..jvr  fi*jf 

x  sr?iu »'  r 

Container 

2  ^itij/i.irir: 

'Conti  i«»/Ts 
C  Shipjnnrc  ' 
Containers 


3.  Type  of  /«/&  To  /’r 
•  yiy  Determined  til  Te  t 

Type  of  Pr  opapalien  ; 

Within  1  Container 

Type  of  Propnj. alien  from 
•1  Contain;  i*  t«>  Another 
)h termination  of  Fran-' 
\  :  lherit  Hr-r.hrd  :  :  i  ; 


oj  tsst  t 

■  *  ‘ 

:  Vfc  ^ 

•  ‘  t 


-  f .  Tppss  of  to  Ob¬ 

tain  info  On  ftirc't  in 
■  firm  3 

SimpV  fruition,  o.*  P-.lo* 
.  nation,  ns  Appropriate 

Extern  M  Heat 


■  frimi'n-; 

-EnjT»*  Special 
Blnstin/r  Cap 
Enjrr  Special 
Biasliiif;  Cap 
CNonc 


None 

None 

None 


Co 

Sand  Fill'd 
Containers 
Sand  Killed 
Containers 
Steel  Handed 


Table  fiXtommvfH  Tftl  'Criteria  for  j)tltr> iiiniofi  HuzUrtl  Classificaiion  of  Mai* 

•.  ..  -  :  rJSxptosin.Ch  arpe  >\  -  V"-  •’  '■ 

■'limtUlmr  vwWrtlW-  roltitV  eharrev  rKIr  Wr«  tan*  cniinJ«.  ».omfc».  i««t  rfcMhlHn  cxpWIvc*) 


Tire' 

Warhead,  lx'ss  Fu^c 

Warhead,  ’  Plus '  F uzc  ! 
(1)  Attached 


(2)  Unattached,  hut  in  Same 
/'Container 


>2.  Type  Of  tvfo  To  he  TDiterniaU  3.  Typ<*  of  initiation  To  OL 


Info 


b}/  Tent 

Propagation  fiom  1  Container 
:  .  to  Another  '  r. 

‘V-l  •  •  ■  i-.f  ••  .  >•->*>.  -v 

Reparation  T);r  lance  from  l 
Jtcin  or  St-.rl;  to  Another  to 
'  •Prevent  Propagation 
Determination  of  Fragment 
Hazard  k- 

Determination  of  Fdast  Hazard 


'}$.  Minimum  Tret  Criteria 

.  *.*c«*«» 

Ty/'^  fc^t  .  pa  in: 

Test  A.  Detonation  2  Shippii.j;  Con-  5 
..  x  ••'•(  *  f  lAiners  (Side- 

■;  by-Sidc)* 


Test  )J.  Uelonatimi  2  Sliippinfr  Con-  3  Dot  of  l’rirud  Knpr  Spcclnl 

tninors  (Sop-  Container  Blasting  Cap 
Arnted  '  50  "-Only  '-.y  ■  /•-.••:  ..  k/!  :  !- 

...  inches)*  '•••.  'r  ;  a  / -;V 


Test  C.  External 
Heat 


2  Shijipinp  Con-'* 
tainors 


None 


O  ’ttiued  in  Hem  2 
Explodvc  Priming 

■y  - '  jv.if  ;H’  .  {*.  i  • 

-.External  Heat 


of  test a  rrivtiTia 

—  Or  Until  Enjr  Special 
First  Deton'a-  Blaslinf:  Cap 
tion  of  tooth 


ij:'-  Boortr.r 

30  Gram  Tet-  None 
ty  I  *  *  or  Equiv¬ 
alent  (Fuze  : 
Booster -W  hen 
Attached) 

30  Cram  Tet- 
ryl**  or  F.quiv- 
Alcnt  <Fuze 
Booster -When 
Attached) 

None 


Cow/iufUt'ttt 


None 


Steel  Banded 


•r.oi.oii!,  ,  not  Wm»%  K.-  .a  tor  .iornce  <.r  sMnmcrf  will  U  U  «Ud  will,  >  .ninimu.n  of  t  »W>cto.  T.V-S  roi.talni«e  not  Ic  .5  Own  K  0TO- 
jcrU’ti.  to  If  •••;*:tff»t^l  T.Q'infW%  ndM,-U>*i»''>o-l'»'c-to  hnsc. 

•‘J’rct-od  j-ollcl  f.jiiirtj'.iniitcly  1  inrh-diumcUt  *  1  ’/j  iitcli-lonj;  At  density  ot  1.5. 


Tull,-  X.  -Minimum 


Ya  t  Criteria fot‘  Ddermining  11u:on f  Chniificatwn  uf  Gun  Ty-.t 


Vevpdiarlv  f‘-r  Cannon 


1.  Ti 


Gw,  Tube  Worliir,  nnd  Hvd.it  Motors  up  to  Sft.eh  Dinmetct 

2.  Type  of  Info  To  He  beta mined  $.  Types  of  Initiation  To  Obtain  fr.fo 


Cliin  Type  iVt*  fnY 

Cnuv.<m,  Gi;i'i  Ti;!*c  'M«*Vt:tF "of 
either  Cuii'rMiV  Atti»Mr**  ni 
1).  vjW«i  in  litif k, 
Jb|-!i  u»(!  C:ii».;.l}-c  ^ 

(i)  Kinj.u  v^c  ; 

V<2)  Dou IjK*  Mac  :  -’v 

<3)  Triple  Mato 


by  Trsf 

1/wliility  to  Detonation  in  Ap¬ 
proved  'Hulk  Stored  Arid 
Shipidn?!  Containers  ;  .  .. 

i\)  Hulk  propellant  Jn 
:  Storage  ami  Shipping 
Container’s ' 
(2)  J./Or <loil  in  Finished 
-Items  '  :j 

Type  of  Propagation  Within  1 
Container 

Type  of  Propagation  from  1 
Container  or  Item  to  Another 
Determination  of  F  rapine  lit 
Hazard  of  Finished  Item* 
Determination  of  Blast  Hazard 


Outlined  in  Item  2 
Simple  Ignition 
Externa!  Heat 
Explosive  Priming 


4-  A/»» iw »■•»»»  Test  Crilerix  for  Gull:  Propellant 

’*/HV  NvPtbc  r 

i'vr:  tf  j'tr  !■  /(  tcjt» 

Test  A.  Detonation  1  Shipping  eon-  6 

^  taim-r '*■/ ^  V‘;  V  .  V;  'i,-;,;  : 

Test  11.  Detonation  2  Shipping  Con*  i 

••  •- '?(*.  ‘  T.  «.‘y?  tamers 

■  ;.*•  n  '  '■  :•>  -  *'  V. 

Test  C.  Kxlernal  C  Shipping  Con-  1 

,Hcat  '  '  =■•’;*. ’.'v.V: ' ’-ftp- taineis  ■ 

5.  Test  Criteria — Finished  j ferns 


■  ■ -  *• 

Electric  Squill* 


Electric  Squill* 


None 


:  .-  Wwmfirr  .  v,  J'-  . 

' .  of  fr*fj  >  .j  fVim-Jlfl 

Not  Less  than  3  Bngr  Special 
■  ; './••'illHsling  Cap 

Not  Less  than  Knur  Special 
2***  -Blasting  Cap 

■  i  .-I1  None  ■’  ' 


ItoO.ttr 

2  Os  Black 
Powder 

2  Or  Black 
Powder 

None  %i 


WiKUlfT 

30  Gram 
;  Tetryl*  • 
30  Gram 
Tekrj'l** 
None 


Ct>  m /t  newest 
Sand  Filled  Con- 
tumors  and  Steel 
Straps 

Sand  Filloc!  Con¬ 
tainer*  and  Steel 
Straps 

Steel  Banded 


Co«/«Nra?*f 

None 

Sand  Filled  Con¬ 
tainers 

Steel  Banded 


V'-y  ..-C'y'  Nmil.rr  (fciu* 

T*,<r  f*-«t  '■*  ),rr  test 

Test  A.  Detonation  1  Shipping' Con- 

v  r . ;  tainer 

Test  H.  Detonation  2  Shippinfr  Con- 

•  V •  -  ta'incr 

Test  C.  Kxtcrt.al  C  Siiirpinf.  Con¬ 
i'.':  Heat''  X;>. 4‘‘iner ;i*^Ttcm''v  \  ^  -  f..  ,  :V-  r-r? 

•SyuM  1o  1<  4  Ji»‘r).U  from  ©f  oti  a«*1  all  emu  to’hs  «<*W«Ji©r  vtrllr.tl.  :y}- 

••i'rrtsv'l  re'll  it  npproHt  v.u!/  I  ttich-iiitiinriir  x  1V»  ineh-lone  rl  dtn-aily  of  l.&. 

•••Not  lo  t»e  fondur’eJ  if  t.o  cJ«*if»nnll.»ti  ©rc»*iit  In  Tut  A — then  Te»t  A  to  1»c  conduelid  I  time*. 

7VMe  5.  Minimum  Test  CViYertft  for  determining  Hazard  Classification  of  Cttn, 

//oir»f?rr,  Mortar,  and  HccoUlcss  Hifle  /iitt»mmttoH  and  Rocket  •AmmtintHon 
•  ■Complete  Itoiinds  (Assembled  or  Unassembled)  up  to  8-Irich  Diameter 
‘  .  ’5’  i  I.  Type  of  Info  To  Be  Peter-  4.  i'vpct  of  Initiation  Tc  Ob- 

t.  Type  t.  Packaging  i'-,  mined  by  Tt$t 


Complete  Hounds, 
Fixed 

Semifixed  ; 

Separated  Loadinf: 
In  Same  Paclinfc 


t.  Packaging 

1  Round  l’cr 
'■  aVi  '.-..-Container 

'  More  than  1 
Round  l’cr 
Container 


Propagation  within  a  Sin- 
gle  Container  1- 
Propagation  from  1  Con- 
i  tainer  to  Another 
Determination  of  Contri¬ 
bution  of  Propellant  *o 
- !.  HE  Charge  In  1  Package 
Determination  of  .  Frag¬ 
ment  Hazard 

Determination  of  B 1  a  ■  t 
Hazard 


tain  Info  Outlined  in 
Item  S 

Simple  Ignition 
•  Detonation 
External  Heat 


S.  Minimum  Test  Ciittria 


.  r*vc  it* i  j •* 

Tost  A.  II, loiKiti-.n  1  It'.m 
rf  rro'jfdilo  <*r 
.  l!rsJ 


fr’u’xbfr  it rt*9 
itt  trtt 


Teat  B.  Det*mrttion  2  Shipping  Con-  f»  Shine  us 

of  Projectile  or  -tamers'  ' 

-  Iic:.d  .  • 

Tost 'It.  Detonation  .  2  Shipping  Con-  6  -V-  ;>;•••.  •v:\$*inie  as 

•  ‘  lainerM  Of  2  %  /•  .C. 

r1  with  12  '•  ■_••••" 

•  \  v;-  v'V'.;  '  J  •'  1 1  c  ro  8  1Eneh  .* .y  y V; y 

*•  Separated  CO  .  .•? ' 

-  ■  .•  -Inches  None-'-  1  v%:  -  ‘-yyyyy 

to-Kore,  Bnsc- 

/•'.  •  ■  to-I3n;;e,  or  as  •*'/  /'v:"y 

t;v  •  :  Stored  -y  ^/ S":  \ -  j 

Test  C.  External  '  C  Shipping  Con-  1  6  C:  y.  None 

•Heat  ;!‘r  V  tftiners  y  '  .;■  _<••  y -y yy  '  V 

Test  C.  External  6  Shipping  Con-  l  '  yNone 

•Ilcnt  y.  •  tamers  '‘Mv  y.  ;»y  :.:y. yy  -y .V 

•  *rro»fO  jicHet  'y  1  lnch*diamflcr  x  ly*  Inehn  lone  Kl  rf»ii*ity  of  l.i. 


N«'nbfr  ■■ 

o  1  u*ti  Tri'miVp  itooihr  virnf 

6  Complete  Units  Kngr  Special  30  Gram  Tctiyl*  Sand  Filled  Cov 
Blasting  Cap  1  .  •  y'  .  tainers 

or  No  final 

■Fuze  Tra  in  \  y:/  1  • 

;  <  .  /^rnied  .  y  .  •  :r .  • 

f»  Sainc  as  Aliovc  30  Grnm  Tctryl*  Sand  Filled  Con¬ 

tainers  f 


Same  as  Above  30  Gram  Ttlryl*  Same  as  Above 


Same  us  Above 


/.  Type 


Table  6.  Minimum  Test  Criteria  for  Determining  Hazard  Classification  of  Pyrolcehnicc 

— All  Types  and  Certain  Small  Items  Containing  Solid  Propellants  (Para  S-Sd)  .  . 

S.  Packaging,'  as  Nor-  3,  Type  of  Info  To  De  Dc *  4.  Types  of  Initiation  To  Ob- 


Burning 

Detonating 


via  fly  Store  and 
Shipped 

individual  Item  or 
.Unit 

More  Than  1  Item 
Per  Unit 


S.  Minimum  Test  Criteria 

W  tnler  ittn* 
vertert 

T<*st  A.  Detonation  .  1  Container 


Test  B.  Detonation.  2  Containers 
Test  C.  External  1  to  6  Containers 
Heat  Depending  on 

Sire  of  Unit 


Jermtiierf  ly  Tret 

:  *••  •;.  --A:-'  ■  :  .. .  '■ 

Propagation  Within  a  Sin¬ 
gle  Container 
Propagation  from  1  Con¬ 
tainer  to  Another 
Determination  of  Fra  £- 
inent  Hazard 
Determination  of  Blast 
,  Hazard  ;  - r 

DeterminHtton  of  Fire  Dis- 
persement  Hazard 


,,  Pn'mt'wjr 

Normal  M  cna 
of  Ignition  or 
Engr  Special 
•'!  Blasting  C»p 
Same  as  Above 
None 


tain  Info  Ou  lined  in  Item 

S"'  ■  .;vV  '  f 

Simjde  Ignition  ’ 
Detonation 
External  Heat 


None 


None 

Steel  Banded 


APPENDIX  B 


$ 


MATERIALS  USED  IN  HAZARDS  ASSESSMENT  AND 
;  smPPtwr.  CLASSIFICATION  TESTS 


T  •  SWECO  VIBRO- ENERGY  MILL  PRODUCTS, 

A.  vma-76  ' 

Ground  as  85/ 15/0.  15  weight  fitio  slarrf  of  Frton  113/AP/XBj^04 
for  160  hour,. !  Particle  size  of  slurry  at  end  of  grind  2  56  microns  WMD 
on  11/8/71.  Particle  size  of  dry  powder  when  packaged  1 . 72  microns  WMD 
on  11/ 10/71.  Re -analysis  of  dry  powder  using  improved  analysis  technique 
.0.81  microns  WMD  on  11/17/72.  /  „  '  \  iV, .  %t-  ‘  -1 1  } 

.  ■>.' ‘  *1/  J  -  •'/.  •..*> 

'  •  •'*"  "’*'■**  ’  '-.4.;  C'i  ''i  %*h' Si'-  '?•’  ";/•?’-> ;  ;Y\.  ..  \  .. 

B.  VMA-93  1^;  s  ■'  ;Y 

’  %  Ground  as  85/ 15/0. 03  weight  ratio  slurry  of  Freon  XiU AP/  HX-§68  .  . 

for  141  hours.  Additional  HX-868  added  prior  to  end  of  grind  to  give  final 
weVht  ratio  in  d.y  oowder  form  of  100/0.4,  AP/HX-868.  Particle  size  of 

-u4y  at  end  of  grind  0.  56  microns  WMD  on  6/6/72.  Partmle  size  of  dry 
powder  when  packaged  0.  71  microns  WMD  on  6/8/73.  Re-analysis  of  dry 
powder  0.60  microns  WMD  on  6/12/73. 

}  ,  :  V  *.»$,«.  .  ^  .i  ’  ,  '  \ s  '  f:j 

c.  vma-94  I-"*; 

Processed  exactly  identical  to  VMA-93  (see  item  B  ahove).  ^  Partide 
size  of  slurry  at  end  of  grind  0.  54  microns  WMD  on  6/  13/73.  Particle  si~e  o 
dry  powder  when  packaged  0.  57  microns  WMD  on  6/15/73.  ,  ^  , 

D.  VMA-97 

Processed  exactly'  identical  to  VMA-93  (see  Item  B  above).  Particle 
size  of  slurry  at  end  of  grind  6.  52  microns  WMD  on  10/19/72.  Particle  si  e 
of  dry  powder  when  packaged  0.  69  microns  WMD  on  10/23/72.  Re -analysis  o 
dry  powder  0.  62  microns  WMD  on  11/ 13/72. 

IX,  FLUID  ENERGY  MILL  PRODUCTS  >. 


A.  ■  EFEM-33  :  ...  Y^'V  j:|vt:Y v  YfYY#;Y 

Ground  oh  eight-inch  micron  Master  Fluid  Energy  Mill  using  standard 
unbound  AP  (contains  0.  2%  TCP)  as  feed.  Product  particle  size  1. 60  microns 

WMD  on  5/19/72.  S"; ‘ Y  ■  /  i,  ‘  (  -.V 

B.  EFEM-49  /  :vv:  ■ -^5^ Y ' 'V'- ^  %  '[P  ' 

Ground  on  eight-inch  micron  Master  Fluid  Energy  Mill  using  standard 
unground  AP  (contains  0.  2%  TCP)  as  feed.  Product  particle  size  2  2  microns 
WMD  on  9/29/72.  Re-analysis  of  product  1.78  microns  WMD  on  10/2/72. 


C.  E  FEW- 6  3 


Ground  on  eight-inch  micron  Master  Fluid  Energy  Mill  using  standard 
unground  AP  (contains  0.  2%  TCP)  as  feed.  Product  particle  size  1.70 
microns  WMO  on  1/17/73.  .  i  , 

III.  FREE 7. E- DRIED  PRODUCTS,  V-'v'y.  ;9.  '■ 

A.  FDI-9A  vf  {■?$ : 

Made  using  0.1%  residual  Johhsoft's  Wax  and  1.0%  Nopcogen  16-0 
and  dried  in  intermediate  size  sublimator.  Particle  size  when  packaged 
0.  96  microns  WMD  on  6/20/72.  Residual  moisture  content  at  that  time  0.  068%. 
Stored  in  cold  box  until  re -packaged  1 1/21/72  with  Sorbeads;  particle  size  : 

1.29  microns  WMD  at  that  time,  With  0.  045%  residual  moisture  content. 

•• ' '..i  ..  .  , :’r; ' ..  .hL  •.  ..  *-i ••  -y  -i":  .V,i  .  •  v  •:  '  :  : 

-.:»*• i-  .  /«.  •-  .  .  7:-  .r-/' ‘  "V-V.  •  •  ; 

B  .  FDT-10A  •' 

■  Made  using  1%  Nopccgen  16-0  and  0.  1%  residual  Johnson's  Wax  and 
dried  in  intermediate  size  sublimator.  Particle  size  when  Jiackaged  0.  73 
microns  WMD  otil6/ 23/ 72.  Residual  moisture  content  at  that  time  0.03%  H-O. 

;'rW:  v  v\‘;  r.  ‘W;;:  ■■■  y--;  :  v ; 

C.  :  FDI-  1QB  ,  ■-*:  .•<*;.  V  ,  -  _  .  '  ;  |  j ;/ ’•  \  ■  ;  '  , 

%  ■/?'  f  .  '%  if!  ';/■  .  X'  V  •  ,  \  '  V 

Made  identical  to  FDI-9A  (see  Item  A,  above).  Particle  size  when 
packaged  0.71  microns  WMD  on  6/23/72.  Residual  moisture  content  at  that 
time'0.  036%.  Stored  in  cold  box  until  re-packaged  11/21/72  with  Sorbeads; 
particle  size  0.  70  microns  WMD  at  that  time,  with  0.054%  residual  moisture 
content.  ■;■  >9';;  v.y  •?•'?£>'■  ’4 'fX-k-.  V^'.  v 

•>  ■  '.■■■  j '  ’  •.  '’’j;';-' 4’.':";  '  'V'  h-  -  :  .  ‘  ‘  J' 

•:  ♦?•:* '  v".’  -t-v  •’.*  •.  -  Vv'--  ‘‘"V  e;" 

-  ■  -  -  ■  _  ••  u  .•■•••  •%  *.»«'  !•  -r  '..  U.:-  ■>.  •'  '  .  ...  •.  •  ••  •  i. .  .'■■ ;  1  -  -  &■■■•• 

D.  Freeze  Drying  Emulsion  ■'  „•  '  ' 

'  •  t 

Made  using  1%  Nopcogen  16-0  and  0.  5%  Johnsons  Wax  (would  have 
reduced  to  about  0.  1%  if  processed  through  sublimator),  based  on  AP  content. 

Ratio  of  water  to  AP  used  was  about  2  to  1  by  weight  and  ratio  of  trichloroethylene 
to  water  was  about  1  to  8  by  volume.  Material  made  up  on  7/26/72,  just  prior  ' 
to  card  gap  test  shots  (Test  Series  81).  . 

E. -  Frozen  Emulsion  in  Liquid  Nitrogen  ' '  ^ 

<'■  H, '.  .f  y •'  .  \V  '  ••  r:‘  i>’  '  ’•  ‘  . 

■  ■  ’'v.i'i.  il.V-.f'lv  F  "-.v: .  I*  .y  F?*’ ;  /' • !.  ■.  "v-.d.'i  ;  F.',:  ' .  V  . -'i  ^  j/'_; , :  fr-. 

'  Made  by  freezing  emulsion  referenced  as  Item  E,  above,  in  liquid  nitrogen, 
on  7/26/72,  just  prior  to  card  gap  test  shots  (Test  Series  82).  :■ 

F.  '■■FDI-i4A-i'.;.44;^yF;^  \ ;-v-  V  -• 

'  i'-1  y.  .  .*  .  V;  •  :  /;  '  ,.  . 

;•  -  V.  v:|*t  [ -C :  u  h  ■  i-:: h  •-.'•/  .;  '  -  '  :.,v'  ;  ■' :  •  ••  ; 

Made  with  10%  Nopcogen  16-0,  1.  5%  JB  polymer,  1.  5%  XB-23 
biopolymer,  and  1.0%  residual  Johnson's  Wax,  and  dried  in  intermediate 


size  sublimator.  Particle  size  whetv  packaged  0.37  microns  WMD  on  8/7/72. 
Residual  moisture  content  at  that  time  0.38%.  Stored  in  cold  box  until 
re-packaged  11/21/7?.  with  Sorbeads;  particle  size  0.35  microns  WMD  at 
that  time,  with  0.321'/o  residual  moisture  content.  ,  .  f 

g.  FDI-33R  ' :  ‘ .y- ....  FF.Ff..FF;  ']  %f; F:pF;F?' FiFF 

Made  with  2%  Nopcogen  16-0  and  t.  1%  residual  DOA  and  dried  in 
intermediate  size  sublimator.  Particle  size  when  packaged  0.48  microns 
WMD  on  11/10/72.  Residual  moisture  content  at  that  time  0.  06%. 

H.  FDI-33C  FfF  r--  ciFvrFM  - :  :  'FFF'  f:  :  F-V-/c 

;  ’.  V:::  • .  -V' \‘y :V  ‘  •  .v\ ■*  ,j. •  F-:‘  ..  •  JfF'-  v’F '  ■  ‘  FF  ;■  .  •'  v. 

Made  with  1%  Nopcogen  16-0  atid  2.  1%  residual  DOA  and  dried  in 
intermediate  size  sublimator.  Particle  size  when  packaged  0.74  microns 
WMD  on  11/10/72.  Residual  moisture  content  at  that  time  0.  04%.  v  ° 

i.  FDI-43D  :,fFf  ;F f  ; Ff/f 

....  "  ,  •  -  ,  •  ■;  •  v.  ‘’|  •  .  '*  j  '  jy*(t  .  y  "  ’  ‘  .  "  ■  •  *  . 

Made  with  2.0%  Nopcogen  16-0  and  2.  1%  residual  DOA  and  dried  in  the 
intermediate  size  sublimator.  Particle  size  when  packaged  0.  62  microns  WMD 
on  12/22/72.  Residual  moisture  content  at  that  time  0.  03%.  !c 

J.  FDI-52  V  F'FF  l'=' 0  F  FF#  #F 

:  Made  identical  to  FDI-43D  (See  Item  j  above).  Particle  size  when  packaged 

0.47/0.  54  microns  WMD  on  2/26/73.  Residual  moisture  content  at  that  time 

0.  053%.  FF;;  > F F ^^F-F. ;F  ;Fp '  ;.4-;v F#F:#F FF :#  F  Fr  F  # :  S 

K.  FDB-6B*  >  r  r 

‘  Made  with  2. 0%  Nopcogen  16-0  and  2.  1%  (residual)  DOA  and  dried  in  the 
large  size  sublimator.  Particle  size  when  packaged  0.  56  microns  WMD  on 
12/8/72.  Residual  moisture  content  at  that  time  0.07%.  ’  , 

L.  i  FDB-7  ;ffFffFFFfFf:’ "!r  Ff  iF^ "'F  F-./F' Ff'FfFFp:;  ,  F'.;f  fF’f .  FiFFF 

'  |.  f  •  V  ;  t  .  JF- 

■  •  J"  •  ,v  •:  .'’.'/i  •."F  ^  ,.r-  ;F  •  j  •.  '..••• 

Made  identical  to  FCB-6B  (See  Item  L,  above).  Particle  size  when 
packaged  0.40  to  0.  54  microns  WMD  on  2/9/73.  Residual  moisture  content 
at  that  time  0.  03%.  ,  ;  ”  F  >  i  ’  ’ 

M.  FDB-8  F.  Fp>:/;F  :F:;F  ■;  v:f  Ff£fF;:;FF: |:F FF^rv^F/ FM: :FF-Ff-;: ' 

Made  identical  to  FDB-6B  (See  Item  L,  above).  Particle  size  when  packaged 
averaged  0.  99  microns  WMD  on  2/20/73.  Residual  moisture  content  at  that  time 
0.04%.  ■  :  \F-.F;.  --  F.Fv,/F.  F  .  F--..  F.  F .  •;;;  v;F :  v:^  ? 


Thermal  Stability  Tests 

Thermal  stability  tests,  run  in  a  vented  oven  for  48  hours  at  75°C  per 
paragraph  3-10  of  DSAR  8220.  1,  were,  run  on  the  four  primary  dry  powder 
UFAP  products  studied  in  Task  IV,  The  samples  wete  hand-packed  into  small 
polyethylene  wide  mouth  jars  (nominal  180  cc  dapaelty): '  •! 

V.mA-94  SW ECO  ground  material  1  In.  0  gms  net "0  FAP 

EFEM  - a3  Fluid-er.ergy-milled  material  101.  1  gms  net  UFAP 
EFEM-33  with  0,2%  Silanox  101  103,0  cm 3  net  UFAP 

..•:'F....F.Oi-l0A''£reeze-idried  material  96.  ^  gms  net  UFAP 


The  samples  were  sealed  and  stored  at  the  Igniter  Lab  until  the  tests  could 
bo  run,  some  eight  weeks  later.  When  opened  for  placement  in  the  oven,  it 
was  noted  that  the  UFAP  had  shrunk  in  size,  atway  from  the  walls  of  the  poly-  ■ 
ethylene  jars.  The  SWECO  ground  material,  VMA-94,  was  just  slightly 
‘loose  in  the  jar,  while  the  others' had  shrunk  to  a  much  greater  extent.  The  . 
results  of  the  tests  aim  reported  in  Table  C -II  .  After  the  tests  were  completed, 
it  was  noticed  that  the  freeze  dried  sample  and  the  fluid  energy  milled  samples 
had  shrunk  enough  to  fall  out  of  the  jars  completely.  See  Figure  C-J .  It  is 
as sumed  that  the  shrinkage  occurred  through  surface  tension  and  equilibrium 
solubility  effects.  The  minimal  shrinkage  in  the  SWECO  ground  material  can 
probably  be  attributed  to  the  protection  afforded  t>y  the  chemically  reacted 


-i/irldine  coating. 


1  '>?,! 


■i,vv  ■  V 
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THIOKOL  CHEMICAL  CORPORATION 


Huntsville  Division 
Huntsville,  Alabama 


FROM:  Igniter  Lab 


A.  E.  Graves 


Experimental  Data  Report  No.  81 


Subject;  ‘Thermal  stability  test  of  UFAP  dry, powders  at  75  C  for  48  hours 

Reference:  Your  memo  dated  72  July  20  V 

'  y.'!  Subject:  Thermal  stability  test  on  UFAP  dry  powders 

-  1  .  -•  ■■ .. }.  ;■  *!■:;  v.  :  '■  •  1  •  '  •  .. 

J  y  -  ^  ;  "  <  “/->  “  ,  v-  (  ; 

Results:  VMA-94  *  , 

"  ’ 

Very  little  shrinkage;  no  color  change;  slightly  caked. 

P1: ;  a  «,,■  ViV.-j.;- -4^- i;.  ■  •  ,VV;'V  V: c vi-.v  Lv1;'::,  -  ! 

:  ;  :  ;i;-  FDI-10A;  EFEM-33;  and  EFEM-33  with  0.2%  Silanox 101 " ■$ 

•  •  1  A!»  '  ■_:»  ■  tv.  •  /  _  .ii  •  •  :  ••  .  . .  .  -  :  ...  .  ... 

.  i1',- ;  ;  JV*'  U\  '!$>  -■' Li  -'.!V -.'v;-. V-'-.  •:}'  :>.;■>  %  v‘-»?  ■  .  ft  .  L  : 

These  samples  formed  a  solid  cake  and  shrank  to  approximately 

.1/2  their  original  volume.  •  . 

:  ■  *  ’  •  -  .*?.  ’  •  ..y‘. .  :  ••  l-.’ -v  •  ••  -  ••  •“  - 1  .•••:'*  b'  >'  '  ■■  '  • 

'■r  y-y- .  ■■  ■■  ■  i  ' .  •  i-;  .••;  •- ;•  •  *-'■  ■-  •  ■„  -  •  -  / 

^  v:  V >  •;  ■;  ‘  :;r;:  :•  f  t;v 

:;v, .  -y 

Conclusions:  Samples  showed  no  evidence  of  decomposition  and  had  no 

significant  weight  change  after  being  exposed  for  48  hours 

'  .'fy  L  75°Ci.  1  4;"  %.I 


>r  The.*mdl  Stability  Tests 


(our  (ampin  are  placed  in  a  Une,  contacting  each  other,  and  the  eawdust/Kerosene  is  ignited  at  one  end  of  the  line. 

Percent  of  theoretical  material  density  (1.95  gme./cc.  for  AP).  Denotes  the  degree  of  packing  the  material  underwent  during  sample  preparation.- 
When  VMA-93  and  FDI-10A  materials  tested,  UFAP  completely  consumed  as  iar  material  ignited  And  burned.  EFEM-33  samples  did  rot  react  the  same 
way.  For  these  materials,  the  jar  material  burned  off  rapidly  but  only  a  thin  film  of  UFAP  was  consumed  with  it.  The  remaining  ’'stalks-'  of  UFAP 
then  burned  very  slowly,  decomposing  in  the  heat  from  the  sawdust/Kerosene  bed. 


*>  .  ft  Cj  •  «*».'  9  to-%  1  ’t’-Sotf,  '»  /  >•  0.J  **?  6  ••«**«  V  *v«  •»  &  >=  '  ♦*  *'  de  ti  »  T  .  o0’A>  O  S*  *■  *>%  #!  <C*"1  '  '*  ••<V-  c^o-cfl'c  >  *  *  ° 

Dust  Explosibility  Tests 

Si.  The  standard  method  for  electrostatic  discharge  sensitivity  testing 

is  generally  not  satisfactory  for  fine  powdered  materials  because  of  their 
relative  mobility.  The  energy  released  by  the  spark  tends  to  blow  the  test 
material  away  from  the  electrodes  before  the  spark  induces  initiation.  As 
i.  result,  the  standard  spark  test  Was  seldom  run  oh  UFAP  dry  powder. 

As  an  alternate,  the  Hartmann  dust  explosibility  apparatus,  developed  by  the 
Bureau  of  Mines,  was  evaluated.  A  general  description  of  the  equipment  used 
and  the  operating  techniques  is  giveti  in  Appendix  A  »  i  1 

To  conserve  time  and  costs  several  changes  were  made  during 
fabrication  and  assembly  of  the  equipment,  particularly  in  the  power 
supply  and  controls,  however,  it  was  felt  at  the  time  that  these  changes  would 
not  interfere  with  the  operation  of  the  equipment.  The  Bureau  of  Mines 
provided  a.  sample  of  Pittsburg  coal  dust,  as  a  material  of  known  explosive 
properties,  to  check  out  and  calibrate  our  apparatus.  Unfortunately,  the 
,  sample  was  bad,  and  it  wasn't  until  several  months  later  that  this  fact  Was 
confirmed  by  the  Bureau,  based  on  tests  of  the  same  material  on  their 
apparatus.  ^  >5''  :  : 

Ac  cording  to  Bureau  of  Mines  Report  RI- 5624,  the  coal  dust  sample 
'  should  have  exhibited  a  rriiniriitim  explosive  concentration  of  0.955  ounces 
per  cubic  foot,  and  a  minimum  energy  for  ignition  of  60  millijcules.  Attempts 
to  duplicate  these  results  in ‘our  apparatus  failed.  Although  a  very  small, 
localized  flame  was  achieved  between  the  electrodes  for  most  of  the  tests, 
only  one  shot  exhibited  satisfactory  ignition  and  propagation  throughout  the  cloud. 
This  was  at  a  dust  concentration  of  1.  0  oz/ft^  using  the  Plexiglas  tube  chamber. 
Attempts  to  repeat  this  with  the  steel  chamber,  to  allow  a  pressure  time  trace 
to  be  recorded,  were  unsuccessful.  i 

'  ,  ,  I 

Some  samples  of  Reynolds  R-400  atomized  aluminum  powder  and  Alcoa 
i  Type  606  aluminum  flake  were  located  and  tested  in  the  steel  tube  chamber, 

yielding  positive  results  in  every  cash.  These  materials  were  used  because  they 
had  been  tested  by  the  Bureau  of  Mines  and  the  results  reported  in  Report 
RI-6516.  The  Alcoa  Type  606  aluminum  flake  was  tested  at  concentrations  of 
0.  1,  0.  2,  0.5,  and  1.0  oz/ft^  and  the  Reynolds  R-400  atomized  powder  at 
0.  2  and  0.  5  oz/ft^.  Maximum  pressures  obtained  were  generally  in  the  same 
.  order  of  magnitude  as  those  reported  by  the  Bureau  of  Mines,  but  equipment 
and  instrumentation  difficulties  prevented  any  other  parameters  from  being 
obtained  from  the  pressure/time  traces.  The  Bureau  of  Mines  was  then  contacted 
for  advice  and  for  information  about  the  problems  we  had  encountered,  and  ; 

■  about  the  coal  dust.  ,  l*i  '  <  !-  * 

■  ,  ,  r  ^  •  •)  .  «  -  ,  ,  i  '  v"r  .  •  ,  i  f 

1  ’  *  f  V  1  .  ■  •*'/.'  .  ‘  .  I  I  I  1  ' 

The  Bureau  was  under  considerable  backlog  of  work  at  the  time,  and 
was  not  able  to  test  the  sample  for  more  than  a  months  They  confirmed 
that  the  sample  was  defective,  requiring  ah  Abnormally  high  concentration  to 
achieve  repeatable  ignitions.  They  Were  all  out  of  their  other  usual  test  material, 
corhstarch,  so  promised  to  send  a  sample  of  cellulose  acetate  powder,  and  to  run 


C-6 


minim> *y  rg-»  for  ignition  and  minimum  explosive  concentration  tests  on  it 
prior  to  gf.'f  it-,  ,  ■’  j 

As  tin*.  •  v>as  grbwing  short,  testing  of  samples  of  UFAP  dry  powder 
materials  was  initiated  even  though  the  apparatus  had  not  been  satisfactorily 
checked  out  with  a  known  test  material  (except  the  aluminum  powder  arid  flake 
samples).  These  tests  are  summarized  in  Table  C-III.  It  can  be  seen  that 
the  only  material  that  gaVe  ahy'  positive  tests  was  the  freeze  dried  UFA? 
containing  nearly  4%  cbatings.  tfests  were  eVen  run  at  10  oz/ft J  concentrations 
without  propagation  even  in  the  freeze  dried  material,  although  the  samples 
for  these  tests  had  not  been  sieved  through  a  200  mesh  screen  prior  to  testing, 
as  is  normally  done';  The  tests  with  freeze  dried  material  that  did  propagate 
nevertheless  did  so  at  relatively  slow  rates,  and,  as  can  be  noted,  would  not 
necessarily  reproduce  from  one  chamber  to  the  other  or  even  from  one  dispersing 
pressure  chamber  to  another.  Oscilloscope  traces  from  three  of  the  tests 
at  2.0  oz/ft  3  concentration  are  given  as  Figure  C-2  through  C-4.  ,  V 

Since  some  positive  results  Svere  at  least  obtained  from  the  freeze 
dried  UFAP  sample,  an  attempt  was  made  to  obtain  minimum  energy  to  ; 
ignition  data  using  this  material.  The  results  alre  given  in  Table  C-IV. 

Although  the  procedure  recommends  that  the  minimum  energy  to  ignition  test 
be  run  with  concentrations  from  five  to  ten  times  the  minimum  explosive  con¬ 
centrations,  the  test  personnel  were  unwilling  to  use  this  mesh  material 
per  test,  so  concentrations  Of  2.0,  3.0,  and  4.0  oz/ft3  were  used.  The  lowest 
energy  level  resulting  in  igr-ition  was  six  joules,  at  3.0  oz/ft  ,  at  3.0  oz/ft  , 
which  was  not  even  repeatable.  At  2.0  oz/ft  V  eight  joules  caused  ignition, 
while  six  did  not.  (Using  a  nominal  capacitance  of  300  picofarads  for  the  ;  ^ 
human  body,  charged  to  5000  volts,  yields  only  3. 75  millijoules  of  energy  that 
can  be  electrostatically  discharged  by  a  person.  Even  increasing  the  voltage  ^  , 
by  a  factor  of  ten  brings  the  energy  level  only  up  to  0.  38  joules).  By  comparison, 
Reynolds  R-400  atomized  aluminum  powder  ignites  with  bhly  30  millijoules,  and 
the  Alcoa  606  flake  at  80  millijoules.  Fine  cake  flour  requires  60  millijoules, 
and  powdered  sugar  only  30  millijoules.  ' 

V;Y  -  ,'C  ••  V . •  fy  •*'  .  :  y.  ••  *•'  V 

•'  --V  _  ._  ; '•••Y- ’•  • ...  y-  .•  :/•*  *•.."• 

The  sample  of  cellulose  acetate  was  received  from  the  Bureau  of  Mines 
with  a  letter  stating  that  the  material  had  been  tested  there  and  gave  a  minimum 
energy  required  for  ignition  of  35  millijoules,  and  a  minimum  explosive 
concentration  of  0.  045  oz/ft3.  Tests  run  here  are  summarized  in  Tables  C-  V 
and  C -VI.  As  can  be  seen,  the  minimum  explosive  concentration  results  agree 
fairly  well,  while  the  minimum  energy  to  ignition  tests  ran  three  to  four  times 
the  level  reported  by  the  Bureau  of  Mines.  The  samples  marked  "retest"  were 
tested  initially  with  negative  results.  The  chamber  was  brushed  out  and  the 
brushings  put  back  in  and  shot  a  second  time,  yielding  positive  results.  However, 
even  these  required  at  least  twice  the  Bureau  of  Mines  energy  levels.  It  is 
assumed  that  our  apparatus  is  not  functioning  properly  in  the  minimum  electrical 
energy  to  ignition  type  operation.  1  , 

Although  the  Halrtmanh  apparatus  used  may  not  have  been  operating 
properly,  it  is  apparent  that  UFAP  dry  powder  does  not  represent  a  very  severe 
dust  explosion  hazard.  i 
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Larger  flame  resulted  than  for  other  negative  tests,  but  still  negative, 
Walls  of  chatnber  darkened  by  reaction  products,-  but  test  still  negativ 
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•  table  C-VI  •  ■/’ ;-y’-:v£  ‘ 

rNj  v  'mkntrgv  to  ion  it  ton  tests*  on  c  film;  lost  acf.tatt*1 


Air 

Reservoir 

Reservoir  pressure 

Pressure  Switch 
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The  lower  the  setting. 


Run  in  Plexiglas  tube  chamber  using  poised  discharge  from  charged  capacitor  bank.  ' 
Positive  tests,  denoted  by  *  in  Results  column,  '.xhibited  a  flame  at  least  4  inches  long. 
Negative  t*  sts  denoted  by  0.  Absence  of  mark  indicates  no  test  made.  '  ■  i 

Sample  No.  2074  I  korn  Industrial  Safety  Group.'  Bureau  of  Mines /  'Pitt sburc’h.  Pennsylvania. 

Adjustment' in  ignition  pulse  trigrering  circuit.  Used  to  control  delay  time  between  initial 
opening  of  dispersing  air  solenoid  valve  and  actuation  of  pulse, 
relative  to  set  reservoir  pressure;  the  lonrer  the  delay. 

Voltage  applied  across  capacitor  bank. 

Capacitance  in  microfarads.  .. 

Caicuiatod  t«  cv*.  ,i.:  v  :  . 

Not  used:  p  olse  triggered  manually. 

/Retest:  see' discussion.  ••  ‘ -^.VlVv  Y.’.'h' 
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Figure  D-5.  Card  Gap  Test  Witness  Plates 
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Figure  IV-  D-17 

Hole  in: Card  Gap  Witness  Plate  Punched 
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Packing  Fraction  Surface 


The  packing  fraction  of  solids  in  a  propellant  has  |  ^r<yicmnced 
cfVut  on  the  rheological  propbrties  of  the  uncured  slurry  ’  ’  and 

prcsurriably  <?h'  tlid  i^tiilibrium  moc ules  ■'  ^and  ultimate  tensile  pr6- 
perties  of  the  cured  propellant,  .flic  packing  fraction  is  the  volume 
fraction  of  the  solids  when  they  ard  packed  to  minimum  volume,  and 
therefore  is  independent  of  the  actual  solids  loading  in  the  propellant. 
The  development  of  suitable  high  density-impulse  propellants  and  other 
propellants  having  optimum  properties  require  that  the  solids  be  effi¬ 
ciently 'packed.  i  The  solids  mixture  with  the  largest  packing  fraction 
gives  propellant  with  potentially  the  highest  Solids  loading  capability 
Atid  the  minimum  mix  viscosity  for  a  fixed  solids  loading.  f 


Where  s  is  a  measure  of  the  attractive  force  between  particles,  d  is 
the  particle  diameter,  and  is  a  constant.  Alley  and  Dykes10  demon¬ 
strated  in  an  earlier  paper  that  the  packing  fractions  of  multicomponent 
mixtures  of  ammonium  perchlorate  and  aluminum  particle  sizes  can  be 
satisfactorily  estimated  using  a  special  cubic  statistical  model  suggested 
by  Scheffe.  11  Regression  equations,  derived  with  a  comparatively  sm£ll 
amount  of  data,  permit  the  estimations  of  packing  fractions  for  any  ? 
number  and  combination  of  sizes  under  consideration.  The  experi¬ 
mental  data  points  are  selected  in  accordance  with  a  special  cubic  sim¬ 
plex  lattice  experimental  design.  M-  12 

It  was  previously  demonstrated  that  the  packing  fraction 
response  surfaces  for  multicomponent  mixtures  of  ammonium  perchlorate 
and  aluminum  powders  can  be  well, represented  by  a  special  cubic  response 
function  suggested  by  Scheffe.11  The  canonical  form  of  the  special  cubic 
model  for  a  mixture  of  particle  size  components  is 


r  \  «  »  ‘  ,»  ■  1  11’  1  f  *' '  i  1  ‘3  A  .  f  j  V 
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where  £  is  the  measured  packing  fraction  (response),  ^  coefficients  are 
constants,  X's  are  weight  fractions  of  the  particle  size  components,  and 
•E  is  the  random  error  associated  with  f  .  The  total  composition  of  the 
mixture  is  restricted  by  the  physical  limitation 
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where  0  <  X.  >;<£.  1 
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'■»  Scheffe  introduced  the  concept  of  Simplex  lattice  designs  for  q 
component  mixtures  when  the  experimental  response  depends  only  on 
the  proportions  of  components  in  the  mixtures;  Simplex  lattice  designs 
are  arrangements  of  experimental  sample  points  on  a  regular -sided 
figure  or  simplex.  The  [q.nl  simplex  lattice  has  n  +  1  equally  spaced 
/points  from  zero  to  Olie  for  each  component.  The  special  cubicsimplex  i 
lattice  design  for  three  components  {augmented  [  3, 2 J  )  is  shown  in 
Figure  1.  The  simplex  for  q[:%  3  is  ail  equilateral  triangle.  The  special 
cubic  simplex  lattice  design  for  three  components  can  be  readily  extended 
to  include  any  number  of  components. 

.  -  ;  •  /:  ^  ;  '•  :;y  :  ■ 

To  estimate  the  p  coefficients  of  Equation  (3),  packing  fraction 
measurements  are  made  at  each  lattice  point.  *£ .  is  the  measured 
packing  fraction  for  pure  component  !,  (■  jj  is  the  measured  packing 
fraction  for  a  1:1  binary  mixture  of  components  i  and  j,  and  £  is  the 
measured  packing  fraction  for  a  1:1:1  ternary  mixture  of  components 
i,  j,  and  k.  The  least  squares  estimators  of  the  coefficients  in 
Equation  (3)  are  simple  linear  functions  of  these1  measured  responses: 


•tV 


whore  i<  j  <  k  and  £  ■,  g..,*and  g  .  d  ■  are  mean  packing  fraction  mea¬ 
surements  when  the  lattice  points'afe  replicated. 
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The  regression  equation  for  estimating  the  packing  fr'aCtions  of 
mixtures  havihg  any  nuhibet  or  combination  of  components  is 
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t  is  an  estimate  of  the  true  mean  packing  fraction.  The  (3  's  are  the  least 


,  squares  estimators  of  the  f  1  s  in  -Equation  (3  i ,  and  are'  determined  by 
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,  Figure”  1.'  -Graphical  Representation  of  Special  Cubic  Simplex 
Lattice  Design  for  Three  Components 
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Packing  fraction  (wet'  measurements  are  then  made  at  all  latice  points 
of  Future  "1.  The  coefficients  are  calculated  by  means  of  packing  fraction 
data  at  the  lattice  points  and  equations  (5j,  (6)  and  (7). 

The  wording  equation#,  then  foif  estiriiai:ting  the  packing  fractions 
of  known  particle  size  mixture  Compositions  is 

(  eiXj  .  .#  P9X9  +  PuXiXi  +  .  .  ,  +  P59X5X9 


'.ii.!'  +  P'..lX,X,Xj  +  ...  A  P  ,59X4X5X9. 
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The  value  of  a  given  /$  in  Equation  (9)  is  unaffected  by  the  addition  or 
i  dele* ion  of  othe  r  s ;  therefore,  only  thos  e  terms  are  included  which  are  ; 

heeded  to  calculate  t  for  the  particular  mixture  under  consideration. 
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The  estimated  packing  fraction  response  surfaces  for  three -■ 
cb'foponenf  mixtures  or  three -component  slices  of  q  componentsrrixtures 
ran  be  represented  by  plotting  contours  of  constant  packing  fraction  on 
jtfiangular-coOrdinEite  graphs.  These  graphs  greatly  facilitate  the1  - 
.a .selection  ol  optimum  particle’lsizelTiixtures  dur-ng  propellanc  develop- 
’•  ment.  Data  fro  the*  graphs  are  obtained  by  computer  calculation  using 
Eqii.a  t  ion  (9).  :  .  ‘  '■ 
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DIAMETER  (d),  MICRONS  TABORATORY  - 


DIAMETER  (d)t;  MICRONS  ~  I, A  BO  RAT  OR \ 


CUMULATIVE  WEIGHT  PERCENT  GREATER  THAN  DIAMETER 


DIAMETER  (d),  MICRONS  -w _  .  I,  \  HOKATOR  V 


CUMULATIVE  WEIGHT  PERCENT  GREATER  THAN  DIAMETER 


DIAMETER  (d).  MICRONS  y^-: 


CUMULATIVE  WEIGHT  PERCENT  GREATER  THAN  DIAMETER 
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